fo™ pto-850 (Rev. 01-10-2001) INTERFERENCE INITIAL MEMORANDUM coum # 

To the Board of Patent Appeals and Interferences: 

An interference is proposed involving the following 2 parties 



PARTY 

Junior Party 
Ni et al. 


APPLICATION NO. 

10/648,825 


FILING DATE 

08/27/2003 


PATENT NO., IF ANY 

N/A 


ISSUE DATE, IF ANY 

N/A 


If the involved is a Datent. have its maintenance fees been paid? Yes No — Not due vet X 






Proposed priority benefit (list all intervening applications necessary for continuity): 




COUNTRY 


APPLICATION NO. 


FILING DATE 


PATENT NO., IF ANY 


ISSUE DATE, IF ANY 


USA 


10/648,825 


08/27/2003 


N/A 


N/A 


The claiin(s) of this party corresponding to Proposed Count 1 : 

78-91, 134-145, 182-195, and 238-249 


PATENTED OR PATENTABLE PENDING CLAIMS 


UNPATENTABLE PENDING CLAIMS 


The claim(s) of this party NOT corresponding to Proposed Count I : 

None 



PARTY 


APPLICATION NO. 


FILING DATE 


PATENT NO., IF ANY 


ISSUE DATE, IF ANY 


Senior Party 


10/052,798 


11/02/2001 


N/A 


N/A 


Adams et al. 











If the involved is a patent, have its maintenance fees been paid? Yes No Not due yet X 

Proposed priority benefit (list all intervening applications necessary for continuity): 



COUNTRY 


APPLICATION NO. 


FILING DATE 


PATENT NO., IF ANY 


ISSUE DATE, IF ANY 


USA 


09/079,029 


05/14/1998 


6,342,369 


01/29/2002 






















The claim(s) of this party corresponding to Proposed Count 1 : 

59, 60, 65, 66, 69-74, 79, 125, 127-129, 133, 135-137, and 147-155 


PATENTED OR PATENTABLE PENDING CLAIMS 


UNPATENTABLE PENDING CLAIMS 


The claim(s) of this party NOT corresponding to Proposed Count 1 : 

None 



(Check off each step, if applicable) INSTRUCTIONS 



□ 1. Obtain all files listed above. 
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□ 2. Confirm that the proposed involved claims are still active and all corrections and entered amendments have been considered. The patents must not be expired for, 
among other things, failure to pay a maintenance fee (Check PALM screen 2970). 

□ 3. If one of the involved files is a published application or a patent, check for compliance with 35 U.S.C. 1 35(b). 

□ 4. Obtain a certified copy of any foreign benefit documents where necessary (37 CFR 1 .55(a)). 

□ 5. Discuss the proposed interference with an Interference Practice Specialist in your Technology Center. 



DATE 


PRIMARY EXAMINER (signature) 


ART UNIT 


TELEPHONE NUMBER 


DATE 


INTERFERENCE PRACTICE SPECIALIST or TECHNOLOGY CENTER DIRECTOR (signature) 


TELEPHONE NUMBER 
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Form PTO-850 (Rev. 01-10-2001) INTERFERENCE INITIAL MEMORANDUM Count # 

To the Board of Patent Appeals and Interferences: 

An interference is proposed involving the following 2 parties 



PARTY 

Junior Party 
Ni et al. 


APPLICATION NO. 

10/648,825 


FILING DATE 

08/27/2003 


PATENT NO, IF ANY 
N/A 


ISSUE DATE, IF ANY 

N/A 


ifthe involved is a patent, have its maintenance fees been paid? Yes — No — Not due yet X 

Proposed priority benefit (list all intervening applications necessary for continuity): 


COUNTRY 


APPLICATION NO. 


FILING DATE 


PATENT NO., IF ANY 


ISSUE DATE, IF ANY 


USA 


09/565,009 


05/04/2000 


6,872,568 


03/29/2005 


USA 


60/148,939 


08/13/1999 


N/A 


N/A 


USA 


60/133,238 


05/07/1999 


N/A 


N/A 


USA 


60/132,498 


05/04/1999 


N/A 


N/A 


USA 


09/042,583 


03/17/1998 


N/A 


N/A 


The claim(s) of this party corresponding to Proposed Count 1 : 

78-91, 134-145, 182-195, and 238-249 


PATENTED OR PATENTABLE PENDING CLAIMS 


UNPATENTABLE PENDING CLAIMS 


The claim(s) of this party NOT corresponding to Proposed Count 1 : 

None 



PARTY 


APPLICATION NO. 


FILING DATE 


PATENT NO., IF ANY 


ISSUE DATE, IF ANY 


Senior Party 
Adams et al. 


10/052,798 


11/02/2001 


N/A 


N/A 


If the involved is a patent, have its maintenance fees been paid? Yes No Not due yet X 








Proposed priority benefit (list all intervening applications necessary for continuity): 




COUNTRY 


APPLICATION NO. 


FILING DATE 


PATENT NO, IF ANY 


ISSUE DATE, IF ANY 


USA 


09/079,029 


05/14/1998 


6,342,369 


01/29/2002 


USA 


60/074,119 


02/09/1998 


N/A 


N/A 


The claim(s) of this party corresponding to Proposed Count 1 : 

59, 60, 65, 66, 69-74, 79, 125, 127-129, 133, 135-137, and 147-155 


PATENTED OR PATENTABLE PENDING CLAIMS 


UNPATENTABLE PENDING CLAIMS 


The claim(s) of this party NOT corresponding to Proposed Count 1 : 

None 
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(Check off each step, if applicable) INSTRUCTIONS 

□ 1 . Obtain all files listed above. 

□ 2. Confirm that the proposed involved claims are still active and all corrections and entered amendments have been considered. The patents must not be expired for, 
among other things, failure to pay a maintenance fee (Check PALM screen 2970). 

□ 3. If one of the involved files is a published application or a patent, check for compliance with 35 U.S.C. 1 35(b). 

□ 4. Obtain a certified copy of any foreign benefit documents where necessary (37 CFR 1 .55(a)). 

□ 5. Discuss the proposed interference with an Interference Practice Specialist in your Technology Center. 



DATE 


PRIMARY EXAMINER (signature) 


ART UNIT 


TELEPHONE NUMBER 


DATE 


INTERFERENCE PRACTICE SPECIALIST or TECHNOLOGY CENTER DIRECTOR (signature) 


TELEPHONE NUMBER 
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r 

Form p-ro-85'o\Rev. OMO-200I) INTERFERENCE INITIAL MEMORANDUM count # 

To the Board of Patent Appeals and Interferences: 

An interference is proposed involving the following 2 parties 



PARTY 

Junior Party 
Ni et al. 


APPLICATION NO. 

10/648,825 


FILING DATE 

08/27/2003 


PATENT NO., IF ANY 
N/A 


ISSUE DATE, IF ANY 

N/A 


If the involved is a patent, have its maintenance fees been paid? Yes — No — Not due vet X 

Proposed priority benefit (list all intervening applications necessary for continuity): 


COUNTRY 


APPLICATION NO. 


FILING DATE 


PATENT NO., IF ANY 


ISSUE DATE, IF ANY 


USA 


09/565,009 


05/04/2000 


6,872,568 


03/29/2005 


USA 


60/148,939 


08/13/1999 


N/A 


N/A 


USA 


60/133,238 


05/07/1999 


N/A 


N/A 


USA 


60/132,498 


05/04/1999 


N/A 


N/A 


USA 


09/042,583 


03/17/1998 


N/A 


N/A 


USA 


60/054,021 


07/29/1997 


N/A 


N/A 


The claim(s) of this party corresponding to Proposed Count 1 : 

78-91, 134-145, 182-195, and 238-249 


PATENTED OR PATENTABLE PENDING CLAIMS 


UNPATENTABLE PENDING CLAIMS 


The claim(s) of this party NOT corresponding to Proposed Count 1 : 

None 



PARTY 


APPLICATION NO. 


FILING DATE 


PATENT NO., IF ANY 


ISSUE DATE, IF ANY 


Senior Party 
Adams et al. 


10/052,798 


1 1/02/2001 


N/A 


N/A 


If the involved is a patent, have its maintenance fees been paid? Yes No Not due yet X 

Proposed priority benefit (list all intervening applications necessary for continuity): 


COUNTRY 


APPLICATION NO. 


FILING DATE 


PATENT NO., IF ANY 


ISSUE DATE, IF ANY 


USA 


09/079,029 


05/14/1998 


6,342,369 


01/29/2002 


USA 


60/074,119 


02/09/1998 


N/A 


N/A 


USA 


60/046,615 


05/15/1997 


N/A 


N/A 


The claim(s) of this party corresponding to Proposed Count 1 : 

59, 60, 65, 66, 69-74, 79, 125, 127-129, 133, 135-137, and 147-155 
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f 



V 



PATENTED OR PATENTABLE PENDING CLAIMS 


UNPATENTABLE PENDING CLAIMS 


The claim(s) of this party NOT corresponding to Proposed Count 1 : 

None 



(Check off each step, if applicable) INSTRUCTIONS 



□ 1 . Obtain all files listed above. 

□ 2. Confirm that the proposed involved claims are still active and all corrections and entered amendments have been considered. The patents must not be expired for, 
among other things, failure to pay a maintenance fee (Check PALM screen 2970). 

□ 3. If one of the involved files is a published application or a patent, check for compliance with 35 U.S.C. 1 35(b). 

□ 4. Obtain a certified copy of any foreign benefit documents where necessary (37 CFR 1 .55(a)). 

□ 5. Discuss the proposed interference with an Interference Practice Specialist in your Technology Center. 



DATE 


PRIMARY EXAMINER (signature) 


ART UNIT 


TELEPHONE NUMBER 


DATE 


INTERFERENCE PRACTICE SPECIALIST or TECHNOLOGY CENTER DIRECTOR (signature) 


TELEPHONE NUMBER 
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Fo™ pto-850 (Rev. oi-io-2ooi) INTERFERENCE INITIAL MEMORANDUM count* 

To the Board of Patent Appeals and Interferences: 

An interference is proposed involving the following 2 parties 



PARTY 

Junior Party 
Adams et al. 


APPLICATION NO. 

10/052,798 


FILING DATE 

11/02/2001 


PATENT NO, IF ANY 

N/A 


ISSUE DATE, IF ANY 

N/A 


If the involved is a patent, have its maintenance fees been paid? Yes — No — Not due yet X 

Proposed priority benefit (list all intervening applications necessary for continuity): 


COUNTRY 


APPLICATION NO. 


FILING DATE 


PATENT NO, IF ANY 


ISSUE DATE, IF ANY 


USA 


09/079,029 


05/14/1998 


6,342,369 


01/29/2002 


USA 


60/074,119 


02/09/1998 


N/A 


N/A 


USA 


60/046,615 


05/15/1997 


N/A 


N/A 


The claim(s) of this party corresponding to Proposed Count 1 : 

59, 60, 65, 66, 69-74, 79, 125, 127-129, 133, 135-137, and 147-155 


PATENTED OR PATENTABLE PENDING CLAIMS 


UNPATENTABLE PENDING CLAIMS 


The claim(s) of this party NOT corresponding to Proposed Count 1 : 

None 



PARTY 

Senior Party 
Ni et al. 


APPLICATION NO. 

10/648,825 


FILING DATE 

08/27/2003 


PATENT NO, IF ANY 

N/A 


ISSUE DATE, IF ANY 

N/A 


If the involved is a patent, have its maintenance fees been paid? Yes No Not due yet X 

Proposed priority benefit (list all intervening applications necessary for continuity): 


COUNTRY 


APPLICATION NO. 


FILING DATE 


PATENT NO, IF ANY 


ISSUE DATE, IF ANY 


USA 


09/565,009 


05/04/2000 


6,872,568 


03/29/2005 


USA 


60/148,939 


08/13/1999 


N/A 


N/A 


USA 


60/133,238 


05/07/1999 


N/A 


N/A 


USA 


60/132,498 


05/04/1999 


N/A 


N/A 


USA 


09/042,583 


03/17/1998 


N/A 


N/A 


USA 


60/054,021 


07/29/1997 


N/A 


N/A 


USA 


60/040,846 


03/17/1997 


N/A 


N/A 
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The claim(s) of this party corresponding to Proposed Count 1 : 




78-91 134-145 182-195 and 238-249 




PATENTED OR PATENTABLE PENDING CLAIMS 


UNPATENTABLE PENDING CLAIMS 


The claim(s) of this party NOT corresponding to Proposed Count 1 : 




None 





(Check off each step, if applicable) INSTRUCTIONS 



□ 1 . Obtain all files listed above. 

□ 2. Confirm that the proposed involved claims are still active and all corrections and entered amendments have been considered. The patents must not be expired for, 
among other things, failure to pay a maintenance fee (Check PALM screen 2970). 

□ 3. If one of the involved files is a published application or a patent, check for compliance with 35 U.S.C. 1 35(b). 

□ 4. Obtain a certified copy of any foreign benefit documents where necessary (37 CFR 1 .55(a)). 

□ 5. Discuss the proposed interference with an Interference Practice Specialist in your Technology Center. 



DATE 


PRIMARY EXAMINER (signature) 


ART UNIT 


TELEPHONE NUMBER 


DATE 


INTERFERENCE PRACTICE SPECIALIST or TECHNOLOGY CENTER DIRECTOR (signature) 


TELEPHONE NUMBER 
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APPENDIX B 

Pending Claims of U.S. Application No. 10/052,798 to Adams et al. 
(Claims 59, 60, 65, 66, 69-74, 79, 125, 127-129, 133, 135-137, and 147-155) 

59. A method of inducing apoptosis in mammalian cancer cells comprising exposing 
mammalian cancer cells to an effective amount of an Apo-2 agonist monoclonal antibody which 
(a) binds to Apo-2 polypeptide consisting of the contiguous amino acid residues 1 to 41 1 of SEQ 
ID NO:l and (b) induces apoptosis in at least one type of mammalian cancer cell in vivo or ex 
vivo. 

60. The method of claim 59 wherein said antibody comprises a single-chain antibody. 

65. A method of inducing apoptosis in mammalian cancer cells comprising exposing 
mammalian cancer cells to an effective amount of an Apo-2 agonist monoclonal antibody which 
(a) binds to a soluble extracellular domain sequence of an Apo-2 polypeptide consisting of amino 
acids 54 to 182 of SEQ ID NO:l and (b) induces apoptosis in at least one type of mammalian 
cancer cell in vivo or ex vivo. 

66. A method of inducing apoptosis in mammalian cancer cells comprising exposing 
mammalian cancer cells to an effective amount of an Apo-2 agonist monoclonal antibody which 
(a) binds to a soluble extracellular domain sequence of an Apo-2 polypeptide consisting of amino 
acids 1 to 1 82 of SEQ ID NO: 1 and (b) induces apoptosis in at least one type of mammalian 
cancer cell in vivo or ex vivo. 

69. The method of claim 59, 65, or 66, wherein said antibody is a chimeric antibody. 

70. The method of claim 59, 65, or 66, wherein said antibody is a humanized antibody. 

71 . The method of claim 59, 65, or 66, wherein said antibody is a human antibody. 
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72. The method of claim 59, 65, or 66, wherein said antibody comprises an Fab 
fragment. 

73. The method of claim 59, 65, or 66, wherein said antibody comprises a scFv 
fragment. 

74. The method of claim 59, 65, or 66, wherein said antibody comprises a F(ab')2 
fragment. 

79. The method of claim 59, 65, or 66, wherein said antibody is fused to an epitope tag 
sequence. 

1 25. A method of treating cancer comprising exposing mammalian cancer cells to an 
effective amount of an Apo-2 agonist monoclonal antibody which (a) binds to Apo-2 polypeptide 
consisting of the contiguous amino acid residues 1 to 41 1 of SEQ ID NO:l and (b) induces 
apoptosis in said mammalian cancer cell in vivo or ex vivo. 

127. The method of claim 125 wherein said agonist antibody is a chimeric antibody. 

128. The method of claim 125 wherein said agonist antibody is a humanized antibody. 

129. The method of claim 125 wherein said agonist antibody is a human antibody. 
133. A method of treating cancer comprising exposing mammalian cancer cells to an 

effective amount of an Apo-2 agonist monoclonal antibody which (a) binds to a soluble 
extracellular domain sequence of an Apo-2 polypeptide which consists of amino acid residues 54 
to 182 of SEQ ID NO:l and (b) induces apoptosis in said mammalian cancer cell in vivo or ex 



vivo. 



135. The method of claim 133 wherein said agonist antibody is a chimeric antibody. 

136. The method of claim 133 wherein said agonist antibody is a humanized antibody. 

137. The method of claim 133 wherein said agonist antibody is a human antibody. 

B-2 

APPENDIX B 

USSN 10/052,798 



147. A method of treating cancer comprising exposing mammalian cancer cells to an 
effective amount of an Apo-2 agonist monoclonal antibody which (a) binds to a soluble 
extracellular domain sequence of an Apo-2 polypeptide consisting of amino acid residues 1 to 1 82 
of SEQ ID NO:l and (b) induces apoptosis in said mammalian cancer cell in vivo or ex vivo. 

148. The method of claim 147 wherein said agonist antibody is a chimeric antibody. 

149. The method of claim 147 wherein said agonist antibody is a humanized antibody. 

150. The method of claim 147 wherein said agonist antibody is a human antibody. 

151. The method of claim 125, 133, or 147, wherein said antibody comprises an Fab 
fragment. 

152. The method of claim 125, 133, or 147, wherein said antibody comprises a scFv 
fragment. 

153. The method of claim 125, 133, or 147, wherein said antibody comprises a F(ab')2 
fragment. 

154. The method of claim 125, 133, or 147, wherein said antibody is fused to an epitope 
tag sequence. 

155. The method of claim 125, 133, or 147, wherein said mammalian cancer cells are 
exposed to chemotherapy or radiation therapy. 
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APPENDIX C 



Pending Claims of U.S. Application No. 10/648,825 to Ni et al. 
(Claims 78-91, 134-145, 182-195, and 238-249) 



78. A method of inducing apoptosis of a DR5-expressing cell, comprising contacting 
said cell with an agonist antibody or fragment thereof that specifically binds to a polypeptide 
consisting of amino acids 1 to 133 of SEQ ID NO:2. 

79. The method of claim 78 which is in vitro. 

80. The method of claim 78 which is in vivo. 

81 . The method of claim 78, wherein the polypeptide is glycosylated. 

82. The method of claim 78, wherein said antibody or fragment thereof is polyclonal. 

83. The method of claim 78, wherein said antibody or fragment thereof is monoclonal. 

84. The method of claim 78, wherein said antibody or fragment thereof is selected 
from the group consisting of: 

(a) a Fab fragment; and 

(b) a F(ab')2 fragment. 

85. The method of claim 78, wherein said antibody or fragment thereof is labeled. 

86. The method of claim 85, wherein said label is selected from the group consisting 

of: 

(a) an enzyme; 

(b) a fluorescent label; and 

(c) a radioisotope. 

87. The method of claim 78, wherein said antibody or fragment thereof specifically 
binds to said polypeptide in a Western blot. 
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88. The method of claim 78, wherein said antibody or fragment thereof specifically 
binds to said polypeptide in an ELISA. 

89. The method of claim 78, further comprising contacting said cell with a compound 
that potentiates apoptosis selected from the group consisting of: 

(a) TRAIL; and 

(b) a chemotherapeutic drug. 

90. The method of claim 89, wherein said compound is TRAIL. 

91 . The method of claim 89, wherein said compound is a chemotherapeutic drug. 

134. A method of treating cancer, comprising administering to a patient an agonist 
antibody or fragment thereof that specifically binds to a polypeptide consisting of amino acids 1 
to 133 of SEQ ID NO:2, wherein said antibody or fragment thereof is administered in an amount 
sufficient to induce apoptosis of a DR5-expressing cancer cell. 

135. The method of claim 134, wherein the polypeptide is glycosylated. 

136. The method of claim 134, wherein said antibody or fragment thereof is polyclonal. 

137. The method of claim 134, wherein said antibody or fragment thereof is 
monoclonal. 

138. The method of claim 134, wherein said antibody or fragment thereof is selected 
from the group consisting of: 

(a) a Fab fragment; and 

(b) a F(ab')2 fragment. 

1 39. The method of claim 1 34, wherein said antibody or fragment thereof is labeled. 

140. The method of claim 139, wherein said label is selected from the group consisting 

of: 

C-2 
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(a) an enzyme; 

(b) a fluorescent label; and 

(c) a radioisotope. 

141 . The method of claim 134, wherein said antibody or fragment thereof specifically 
binds to said polypeptide in a Western blot. 

142. The method of claim 134, wherein said antibody or fragment thereof specifically 
binds to said polypeptide in an ELISA. 

143. The method of claim 134, further comprising contacting said cell with a compound 
that potentiates apoptosis selected from the group consisting of: 

(a) TRAIL; and 

(b) a chemotherapeutic drug. 

144. The method of claim 143, wherein said compound is TRAIL. 

145. The method of claim 143, wherein said compound is a chemotherapeutic drug. 

1 82. A method of inducing apoptosis of a DR5 -expressing cell, comprising contacting 
said cell with an antibody or fragment thereof that specifically binds to a polypeptide consisting 
of amino acids 1 to 133 of SEQ ID NO:2. 

1 83. The method of claim 1 82 which is in vitro. 

1 84. The method of claim 1 82 which is in vivo. 

1 85. The method of claim 1 82, wherein the polypeptide is glycosylated. 

1 86. The method of claim 1 82, wherein said antibody or fragment thereof is polyclonal. 

1 87. The method of claim 1 82, wherein said antibody or fragment thereof is 
monoclonal. 
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1 88. The method of claim 1 82, wherein said antibody or fragment thereof is selected 
from the group consisting of: 

(a) a Fab fragment; and 

(b) a F(ab')2 fragment. 

1 89. The method of claim 1 82, wherein said antibody or fragment thereof is labeled. 

190. The method of claim 189, wherein said label is selected from the group consisting 

of: 

(a) an enzyme; 

(b) a fluorescent label; and 

(c) a radioisotope. 

191 . The method of claim 1 82, wherein said antibody or fragment thereof specifically 
binds to said polypeptide in a Western blot. 

192. The method of claim 1 82, wherein said antibody or fragment thereof specifically 
binds to said polypeptide in an ELISA. 

193. The method of claim 182, further comprising contacting said cell with a compound 
that potentiates apoptosis selected from the group consisting of: 

(a) TRAIL; and 

(b) a chemotherapeutic drug. 

194. The method of claim 193, wherein said compound is TRAIL. 

195. The method of claim 193, wherein said compound is a chemotherapeutic drug. 
238. A method of treating cancer, comprising administering to a patient an antibody or 

fragment thereof that specifically binds to a polypeptide consisting of amino acids 1 to 133 of 
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SEQ ID NO:2 5 wherein said antibody or fragment thereof is administered in an amount sufficient 
to induce apoptosis of a DR5-expressing cancer cell 

239. The method of claim 238, wherein the polypeptide is glycosylated. 

240. The method of claim 238, wherein said antibody or fragment thereof is polyclonal. 

241. The method of claim 238, wherein said antibody or fragment thereof is monoclonal. 

242. The method of claim 238, wherein said antibody or fragment thereof is selected from 
the group consisting of: 

(a) a Fab fragment; and 

(b) a F(ab')2 fragment. 

243. The method of claim 238, wherein said antibody or fragment thereof is labeled. 

244. The method of claim 243, wherein said label is selected from the group consisting 

of: 

(a) an enzyme; 

(b) a fluorescent label; and 

(c) a radioisotope. 

245. The method of claim 238, wherein said antibody or fragment thereof specifically 
binds to said polypeptide in a Western blot. 

246. The method of claim 238, wherein said antibody or fragment thereof specifically 
binds to said polypeptide in an ELISA. 

247. The method of claim 238, further comprising contacting said cell with a compound 
that potentiates apoptosis selected from the group consisting of: 

(a) TRAIL; and 

(b) a chemotherapeutic drug. 
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248. The method of claim 247, wherein said compound is TRAIL. 

249. The method of claim 247, wherein said compound is a chemotherapeutic drug. 
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APPENDIX D 

Comparison of Amino Acid Residues 54-182 of Applicants' SEQ ID NO:l and 
Amino Acid Residues 3-131 of Ni's '825 Application SEQ ID NO:2 



Applicants' 
SEQ ID NO: 1 


54 


55 


56 


57 


58 


59 


60 


61 


62 


63 


64 


65 


Ni's '825 
Application 
SEQ ID NO:2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


Amino Acid 


Ala 


Leu 


He 


Thr 


Gin 


Gin 


Asp 


Leu 


Ala 


Pro 


Gin 


Gin 




Applicants' 
SEQ ID NO: 1 


66 


67 


68 


69 


70 


71 


72 


73 


74 


75 


76 


77 


Ni's '825 
Application 
SEQ ID NO:2 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


Amino Acid 


Arg 


Ala 


Ala 


Pro 


Gin 


Gin 


Lys 


Arg 


Ser 


Ser 


Pro 


Ser 




Applicants' 
SEQ ID NO:l 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


Ni's '825 
Application 
SEQ ID NO:2 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


38 


Amino Acid 


Glu 


Gly 


Leu 


Cys 


Pro 


Pro 


Gly 


His 


His 


He 


Ser 


Glu 




Applicants' 
SEQ ID NO:l 


90 


91 


92 


93 


94 


95 


96 


97 


98 


99 


100 


101 


Ni's '825 
Application 
SEQ ID NO:2 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


Amino Acid 


Asp 


Gly 


Arg 


Asp 


Cys 


He 


Ser 


Cys 


Lys 


Tyr 


Gly 


Gin 




Applicants' 
SEQ ID NO:l 


102 


103 


104 


105 


106 


107 


108 


109 


110 


111 


112 


113 


Ni's '825 
Application 
SEQ ID NO:2 


51 


52 


53 


54 


55 


56 


57 


58 


59 


60 


61 


62 


Amino Acid 


Asp 


Tyr 


Ser 


Thr 


His 


Trp 


Asn 


Asp 


Leu 


Leu 


Phe 


Cys 
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Applicants' 
SEQIDN0:1 


114 


115 


116 


117 


118 


119 


120 


121 


122 


123 


124 


125 


Ni's '825 
Application 
SEQ ID NO:2 


63 


64 


65 


66 


67 


68 


69 


70 


71 


72 


73 


74 


Amino Acid 


Leu 


Arg 


Cys 


Thr 


Arg 


Cys 


Asp 


Ser 


Gly 


Glu 


Val 


Glu 




Applicants' 
SEQ ID NO:l 


126 


127 


128 


129 


130 


131 


132 


133 


134 


135 


136 


137 


Ni's '825 
Application 
SEQ ID NO:2 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


Amino Acid 


Leu 


Ser 


Pro 


Cys 


Thr 


Thr 


Thr 


Arg 


Asn 


Thr 


Val 


Cys 



Applicants' 
SEQ ID NO:l 


138 


139 


140 


141 


142 


143 


144 


145 


146 


147 


148 


149 


Ni's '825 
Application 
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87 


88 


89 


90 


91 


92 


93 


94 


95 


96 


97 


98 


Amino Acid 


Gin 


Cys 


Glu 


Glu 


Gly 


Thr 


Phe 


Arg 


Glu 


Glu 


Asp 


Ser 
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150 


151 


152 


153 


154 


155 


156 


157 


158 


159 


160 


161 
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99 


100 


101 


102 


103 


104 


105 


106 


107 


108 


109 


110 


Amino Acid 


Pro 


Glu 


Met 


Cys 


Arg 


Lys 


Cys 


Arg 


Thr 


Gly 


Cys 


Pro 




Applicants' 
SEQ ID NO:l 


162 


163 


164 


165 


166 


167 


168 


169 


170 


171 


172 


173 
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111 


112 


113 


114 


115 


116 


117 


118 


119 


120 


121 


122 


Amino Acid 


Arg 


Gly 


Met 


Val 


Lys 


Val 


Gly 


Asp 


Cys 


Thr 


Pro 


Trp 



Applicants' 
SEQ ID NO:l 


174 


175 


176 


177 


178 


179 


180 


181 


182 


Ni's '825 
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SEQ ID NO:2 


123 


124 


125 


126 


127 - 


128 


129 


130 


131 


Amino Acid 


Ser 


Asp 


He 


Glu 


Cys 


Val 


His 


Lys 


Glu 
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65. A method of inducing 
apoptosis in mammalian cancer 
cells comprising 



exposing mammalian cancer cells 
to an effective amount of an Apo- 
2 agonist monoclonal antibody 



"'Biologically active' and 'desired biological activity 5 for 
the purposes herein means having the ability to modulate 
apoptosis (either in an agonistic or stimulating manner or in 
an antagonistic or blocking manner) in at least one type of 
mammalian cell in vivo or ex vivo'' ADE-18, P. 16, 1. 34 - 
P. 17, L 3. 

"The terms 'apoptosis' and 'apoptotic activity' are used in a 
broad sense and refer to the orderly or controlled form of 
cell death in mammals that is typically accompanied by one 
or more characteristic cell changes, including condensation 
of cytoplasm, loss of plasma membrane microvilli, 
segmentation of the nucleus, degradation of chromosomal 
DNA or loss of mitochondrial function. This activity can be 
determined and measured, for instance, by cell viability 
assays, FACS analysis or DNA electrophoresis, all of which 
are known in the art." ADE-18, P. 17, 11. 4-12. 

"The term 'mammal' as used herein refers to any mammal 
classified as a mammal, including humans, cows, horses, 
dogs and cats. In a preferred embodiment of the invention, 
the mammal is a human." ADE-18, P. 17, 11. 16-19. 

"Apo-2, as disclosed in the present specification, can be 
employed therapeutically to induce apoptosis in mammalian 
cells. This therapy can be accomplished for instance, using 
in vivo or ex vivo gene therapy techniques and includes the 
use of the death domain sequences disclosed herein. The 
Apo-2 chimeric molecules (including the chimeric 
molecules containing an extracellular domain sequence of 
Apo-2) comprising immunoglobulin sequences can also be 
employed therapeutically to inhibit apoptosis or NF-kB 
induction by Apo-2L or by another ligand that Apo-2 binds 
to." ADE-18, P. 45, 11. 2-10. 

"The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be 
employed to activate or stimulate apoptosis in cancer cells." 
ADE-18, P. 56, 11. 21-23. 

"In another embodiment, the invention provides an antibody 
which specifically binds to Apo-2. The antibody may be an 
agonistic, antagonistic or neutralizing antibody." ADE-18, 
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which 


P. 10, 11. 3-5. 

"A further embodiment of the invention provides articles of 
manufacture and kits that include Apo-2 or Apo-2 
antibodies." ADE-18, P. 10, 11. 8-9. 

"The term 'antibody' is used in the broadest sense and 
specifically covers single anti-Apo-2 monoclonal antibodies 
(including agonist, antagonist, and neutralizing antibodies) 
and anti-Apo-2 antibody compositions with polyepitopic 
specificity. 

The term 'monoclonal antibody' as used herein refers to 
an antibody obtained from a population of substantially 
homogeneous antibodies, i.e., the individual antibodies 
comprising the population are identical except for possible 
naturally-occurring mutations that may be present in minor 
amounts. Monoclonal antibodies are highly specific, being 
directed against a single antigenic site. Furthermore, in 
contrast to conventional (polyclonal) antibody preparations 
which typically include different antibodies directed against 
different determinants (epitopes), each monoclonal antibody 
is directed against a single determinant on the antigen. 

The monoclonal antibodies herein include hybrid and 
recombinant antibodies produced by splicing a variable 
(including hypervariable) domain of an anti-Apo-2 antibody 
with a constant domain (e.g. 'humanized' antibodies), or a 
light chain with a heavy chain, or a chain from one species 
with a chain from another species, or fusions with 
heterologous proteins, regardless of species of origin or 
immunoglobulin class or subclass designation, as well as 
antibody fragments (e.g., Fab, F(ab')2, and Fv), so long as 
they exhibit the desired biological activity. See, e.g. U.S. 
Pat. No. 4,816,567 and Mage et aL in Monoclonal 
Antibodv Production Techniques and Applications, pp. 79- 


97 (Marcel Dekker, Inc.: New York, 1987). 

Thus, the modifier 'monoclonal' indicates the character 
of the antibody as being obtained from a substantially 
homogeneous population of antibodies, and is not to be 
L/Oiibu ucu requiring pruuuuiiuii ui uic aiiuijuuy uy any 
particular method. For example, the monoclonal antibodies 
to be used in accordance with the present invention may be 
made by the hybridoma method first described by Kohler 
and Milstein, Nature, 256:495 C1975), or mav be made bv 
recombinant DNA methods such as described in U.S. Pat. 
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No. 4,816,567. The 'monoclonal antibodies 5 may also be 
isolated from phage libraries generated using the techniques 
described in McCafferty et al, Nature, 348:552-554 (1990), 
for example. 

'Humanized' forms of non-human (e.g. murine) 
antibodies are specific chimeric immunoglobulins, 
immunoglobulin chains, or fragments thereof (such as Fv, 
Fab, Fab', F(ab')2 or other antigen-binding subsequences of 
antibodies) which contain minimal sequence derived from 
non-human immunoglobulin. For the most part, humanized 
antibodies are human immunoglobulins (recipient antibody) 
in which residues from a complementary determining 
region (CDR) of the recipient are replaced by residues from 
a CDR of a non-human species (donor antibody) such as 
mouse, rat, or rabbit having the desired specificity, affinity, 
and capacity. In some instances, Fv framework region (FR) 
residues of the human immunoglobulin are replaced by 
corresponding non-human residues. Furthermore, the 
humanized antibody may comprise residues which are 
found neither in the recipient antibody nor in the imported 
CDR or framework sequences. These modifications are 
made to further refine and optimize antibody performance. 
In general, the humanized antibody will comprise 
substantially all of at least one, and typically two, variable 
domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human 
immunoglobulin and all or substantially all of the FR 
regions are those of a human immunoglobulin consensus 
sequence. The humanized antibody optimally also will 
comprise at least a portion of an immunoglobulin constant 
region or domain (Fc), typically that of a human 
immunoglobulin." ADE-18, P. 15, 1. 7 - P. 16, 1. 33. 

"A description follows as to how Apo-2, as well as Apo-2 
chimeric molecules and anti-Apo-2 antibodies, may be 
prepared." ADE-18, P. 17, 11. 30-31. 

"Preferably, the Ig is a human immunoglobulin when the 
rViimprir molpnilp infpnHpd for in vivo theranv for 

humans." ADE-18, P. 44, 11. 11-12. 

"Apo-2 preparations are also useful in generating 
antibodies..." ADE-18, P. 45, 11. 22-23. 
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"Modified forms of the Apo-2, such as the Apo-2-IgG 
chimeric molecules (immunoadhesins) described above, can 
be used as immunogens in producing anti-Apo-2 
antibodies." ADE-18, P. 45, 11. 29-31. 

"The present invention further provides anti- Apo-2 
antibodies. Antibodies against Apo-2 may be prepared as 
follows. Exemplary antibodies include polyclonal, 
monoclonal, humanized, bispecific, and heteroconjugate 
antibodies." ADE-18, P. 47, 11. 26-29. 



"The Apo-2 antibodies may, alternatively, be monoclonal 
antibodies. Monoclonal antibodies may be prepared using 
hybridoma methods, such as those described by Kohler and 
Milstein, supra . In a hybridoma method, a mouse, hamster, 
or other appropriate host animal, is typically immunized 
(such as described above) with an immunizing agent to 
elicit lymphocytes that produce or are capable of producing 
antibodies that will specifically bind to the immunizing 
agent. Alternatively, the lymphocytes may be immunized in 
vitro." ADE-18, P. 48, 11. 21-29. 

"The monoclonal antibodies may also be made by 
recombinant DNA methods, such as those described in U.S. 
Patent No. 4,816,567. DNA encoding the monoclonal 
antibodies of the invention can be readily isolated and 
sequenced using conventional procedures (e.g., by using 
oligonucleotide probes that are capable of binding 
specifically to genes encoding the heavy and light chains of 
murine antibodies)." ADE-18, P. 50, 11. 15-21. 

"The antibodies may be monovalent antibodies. Methods 
for preparing monovalent antibodies are well known in the 
art." ADE-18, P. 51, 11. 2-3. 

"The Apo-2 antibodies of the invention may further 
comprise humanized antibodies or human antibodies." 
ADE-18, P. 51, 11. 33-34. 

"Methods for humanizing non-human antibodies are well 
known in the art." ADE-18, P. 52, 11. 24-25. 

"The choice of human variable domains, both light and 
heavy, to be used in making the humanized antibodies is 
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(a) binds to a soluble extracellular 
domain sequence of an Apo-2 



very important in order to reduce antigenicity. According to 
the 'best-fit 5 method, the sequence of the variable domain of 
a rodent antibody is screened against the entire library of 
known human variable domain sequences. The human 
sequence which is closest to that of the rodent is then 
accepted as the human framework (FR) for the humanized 
antibody [Sims et al. 5 J. Immunol. . 151:2296 (1993); 
Chothia and Lesk, J. Mol. Biol. , 196:901 (1987)]." ADE- 
18, P.53, 11. 7-15. 

"It is further important that antibodies be humanized with 
retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a 
process of analysis of the parental sequences and various 
conceptual humanized products using three dimensional 
models of the parental and humanized sequences. Three 
dimensional immunoglobulin models are commonly 
available and are familiar to those skilled in the art." ADE- 
18, P. 53, 11. 21-28. 

"Bispecific antibodies are monoclonal, preferably human or 
humanized, antibodies that have binding specificities for at 
least two different antigens. In the present case, one of the 
binding specificities is for the Apo-2, the other one is for 
any other antigen, and preferably for a cell-surface protein 
or receptor or receptor subunit. 

Methods for making bispecific antibodies are known in 
the art." ADE-18, P. 54, 11. 26-33. 

"The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be 
employed to activate or stimulate apoptosis in cancer cells." 
ADE-18, P. 56, 11. 21-23. 

"In a further embodiment of the invention, there are 
provided articles of manufacture and kits containing Apo-2 
or Apo-2 antibodies which can be used, for instance, for the 
therapeutic or non-therapeutic applications described 
above." ADE-18, P. 57, 11. 25-28. 



"In another embodiment, the invention provides an isolated 
extracellular domain (ECD) sequence of Apo-2. Optionally, 
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polypeptide consisting of amino 
acids 54 to 182 SEQ ID NO:l and 


the isolated extracellular domain sequence comprises amino 
acid residues 54 to 182 of FIG. 1 (SEQ ID NO:l)." ADE- 
18, P. 8, 11. 31-34. 

"FIG. 2A shows the derived amino acid sequence of a 
native sequence human Apo-2-the putative signal sequence 
is underlined, the putative transmembrane domain is boxed, 
and the putative death domain sequence is dash underlined. 
The cysteines of the two cysteine-rich domains are 
individually underlined." ADE-18, P. 10, 11. 14-18. 

"The ' Apo-2 extracellular domain' or ' Apo-2 ECD' refers 
to a form of Apo-2 which is essentially free of the 
transmembrane and cytoplasmic domains of Apo-2. 
Ordinarily, Apo-2 ECD will have less than 1% of such 
transmembrane and/or cytoplasmic domains and preferably, 
will have less than 0.5% of such domains. Optionally, Apo- 
2 ECD will comprise amino acid residues 54 to 182 of FIG. 
1 (SEQ ID NO:l) or amino acid residues 1 to 182 of FIG. 1 
(SEQ ID NO:l)." ADE-18, P. 12, 11. 15-22. 

"In general, the signal sequence may be a component of the 
vector, or it may be a part of the Apo-2 DNA that is inserted 
into the vector. The heterologous signal sequence selected 
preferably is one that is recognized and processed (i.e., 
cleaved by a signal peptidase) by the host cell. . .In 
mammalian cell expression the native Apo-2 presequence 
that normally directs insertion of Apo-2 in the cell 
membrane of human cells in vivo is satisfactory, although 
other mammalian signal sequences may be used to direct 
secretion of the protein, such as signal sequences from 
secreted polypeptides of the same or related species, as well 
as viral secretory leaders, for example, the herpes simplex 
glycoprotein D signal." ADE-18, P. 21, 11. 12-32. 

"The entire nucleotide sequence of Apo-2 is shown in 
Figure 1 (SEQ ID NO:2). Clone 27868 (also referred to as 
pRK5-Apo-2 deposited as ATCC , as indicated 
oeio w ) contains a single open reading irame wun an 
apparent translational initiation site at nucleotide positions 
140-142 [Kozak et al., supra] and ending at the stop codon 
found at nucleotide positions 1373-1375 (Fig. 1; SEQ ID 
NO:2). The predicted polypeptide precursor is 41 1 amino 
acids long, a type I transmembrane protein, and has a 
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(b) induces apoptosis in at least 
one type of mammalian cancer 
cell in vivo or ex vivo. 


calculated molecular weight of approximately 45 kDa. 
Hydropathy analysis (not shown) suggested the presence of 
a signal sequence (residues 1 -53), followed by an 
extracellular domain (residues 54-182), a transmembrane 
domain (residues 183-208), and an intracellular domain 
(residues 209-41 1) (Fig. 2A; SEQ ID NO:l). N-terminal 
amino acid sequence analysis of Apo-2-IgG expressed in 
293 cells showed that the mature polypeptide starts at amino 
acid residue 54, indicating that the actual signal sequence 
comprises residues 1-53." ADE-18, P. 61, 11. 10-25. 

"(The Apo-2 ECD construct included residues 183 and 184 
shown in Figure. 1 to provide flexibility at the junction, 
even though residues 183 and 184 are predicted to be in the 
transmembrane region)." ADE-18, P. 62, 11. 21-24. 

"A soluble Apo-2 ECD immunoadhesin construct was 
prepared. The Apo-2 ECD (amino acids 1-184 shown in 
Fig. 1) was fused to the hinge and Fc region of human 
immunoglobulin Gi heavy chain in pRK5 as described 
previouslv [Ashkenazi et aL Proc. Natl. Acad. Sci., 
88:10535-10539 (1991)]. The immunoadhesin was 
expressed by transient transfection into human 293 cells and 
purified from cell supernatants by protein A affinity 
chromatography, as described by Ashkenazi et al., supra." 
ADE-18, P. 62, 1. 34 - P. 63, 1. 6. 

"The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be 
employed to activate or stimulate apoptosis in cancer cells." 
ADE-18, P. 56, 11. 21-23. 
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65. A method of inducing 
apoptosis in mammalian cancer 
cells comprising 


'"Biologically active' and 'desired biological activity' for 
the purposes herein mean having the ability to modulate 
apoptosis (either in an agonistic or stimulating manner or in 
an antagonistic or blocking manner) in at least one type of 
mammalian cell in vivo or ex vivo." ADE-33, P. 15, 11. 30- 
34. 

"The terms 'apoptosis' and 'apoptotic activity' are used in a 
broad sense and refer to the orderly or controlled form of 
cell death in mammals that is typically accompanied by one 
or more characteristic cell changes, including condensation 
of cytoplasm, loss of plasma membrane microvilli, 
segmentation of the nucleus, degradation of chromosomal 
DNA or loss of mitochondrial function. This activity can be 
determined and measured, for instance, by cell viability 
assays, FACS analysis or DNA electrophoresis, all of which 
are known in the art." ADE-33, P. 15, 11. 35-42. 

"The term 'mammal' as used herein refers to any mammal 
classified as a mammal, including humans, cows, horses, 
dogs and cats. In a preferred embodiment of the invention, 
the mammal is a human." ADE-33, P. 16, 11. 8-10. 

"Apo-2, as disclosed in the present specification, can be 
employed therapeutically to induce apoptosis in mammalian 
cells. This therapy can be accomplished for instance, using 
in vivo or ex vivo gene therapy techniques and includes the 
use of the death domain sequences disclosed herein. The 
Apo-2 chimeric molecules (including the chimeric 
molecules containing an extracellular domain sequence of 
Apo-2) comprising immunoglobulin sequences can also be 
employed therapeutically to inhibit apoptosis or NF-kB 
induction by Apo-2L or by another ligand that Apo-2 binds 
to." ADE-33, P. 42, 11. 10-18. 

"The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be 
employed to activate or stimulate apoptosis in cancer cells. 
The Apo-2 antibodies of the invention may also be useful in 
enhancing immune-mediated cell death in cells expressing 
Apo-2, for instance, through complement fixation or 
ADCC." ADE-33, P. 53, 11. 16-21. 
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exposing mammalian cancer cells 
to an effective amount of an Apo- 
2 agonist monoclonal antibody 
which 


"In another embodiment, the invention provides an antibody 
which specifically binds to Apo-2. The antibody may be an 
agonistic, antagonistic or neutralizing antibody. Dimeric 
molecules, in particular homodimeric molecules, 
comprising Apo-2 antibody are also provided." ADE-33, P. 
9,11.18-21. 

"A further embodiment of the invention provides articles of 
manufacture and kits that include Apo-2 or Apo-2 
antibodies." ADE-33, P. 9, 11. 24-25. 

"Figure 7 shows the FACS analysis of an Apo-2 antibody, 
3F1 1 .39.7 (illustrated by the bold lines) as compared to IgG 
controls (dotted lines). The 3F1 1.39.7 antibody recognized 
the Apo-2 receptor expressed in human 9D cells." ADE-33, 
P. 10,11.28-31. 

"Figure 8 is a graph showing percent (%) apoptosis induced 
in 9D cells by Apo-2 antibody 3F1 1 .39.7, in the absence of 
goat anti-mouse IgG Fc." ADE-33, P. 10, 11. 32-34. 

"Figure 9 is a bar diagram showing percent (%) apoptosis, 
as compared to Apo-2L, in 9D cells by Apo-2 antibody 
3F1 1.39.7 in the presence or absence of goat anti-mouse 
IgG Fc." ADE-33, P. 10, 11. 35-37. 

"Figure 1 1 is a graph showing results of an ELISA testing 
binding of Apo-2 antibody 3F1 1 .39.7 to Apo-2 and to other 
known Apo-2 L receptors referred to as DR4, DcRl, and 
DcR2." ADE-33, P. 10, 1. 40 - P. 11, 1. 5. 

"The term 'antibody' is used in the broadest sense and 
specifically covers anti-Apo-2 monoclonal antibodies 
(including agonist, antagonist, and blocking or neutralizing 
antibodies) and anti-Apo-2 antibody compositions with 
polyepitopic specificity. 

The term 'monoclonal antibody' as used herein refers to 
an antiDoay ootaineo irom a population 01 substantially 
homogeneous antibodies, i.e., the individual antibodies 
comprising the population are identical except for possible 
naturally-occurring mutations that may be present in minor 
amounts. Monoclonal antibodies are highly specific, being 
directed against a single antigenic site. Furthermore, in 
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contrast to conventional (polyclonal) antibody preparations 
which typically include different antibodies directed against 
different determinants (epitopes), each monoclonal antibody 
is directed against a single determinant on the antigen. 

The monoclonal antibodies herein include hybrid and 
recombinant antibodies produced by splicing a variable 
(including hypervariable) domain of an anti-Apo-2 antibody 
with a constant domain, or a light chain with a heavy chain, 
or a chain from one species with a chain from another 
species, or fusions with heterologous proteins, regardless of 
species of origin or immunoglobulin class or subclass 
designation, as well as antibody fragments (e.g., Fab, 
F(ab f )2, and Fv), so long as they exhibit the desired 
biological activity. See, e.g. U.S. Pat. No. 4,816,567 and 
Mage et aL in Monoclonal Antibodv Production 
Techniques and Applications, pp. 79-97 (Marcel Dekker, 
Inc.: New York, 1987). 

Thus, the modifier 'monoclonal' indicates the character 
of the antibody as being obtained from a substantially 
homogeneous population of antibodies, and is not to be 
construed as requiring production of the antibody by any 
particular method. For example, the monoclonal antibodies 
to be used in accordance with the present invention may be 
made by the hybridoma method first described by Kohler 
and Milstein, Nature, 256:495 (1975), or mav be made bv 
recombinant DNA methods such as described in U.S. Pat. 
No. 4,816,567. The 'monoclonal antibodies' may also be 
isolated from phage libraries generated using the techniques 
described in McCaffertv et al., Nature, 348:552-554 (1990), 
for example. 

'Humanized' forms of non-human (e.g. murine) 
antibodies are specific chimeric immunoglobulins, 
immunoglobulin chains, or fragments thereof (such as Fv, 
Fab, Fab', F(ab')2 or other antigen-binding subsequences of 
antibodies) which contain minimal sequence derived from 
non-human immunoglobulin. For the most part, humanized 
antibodies are human immunoglobulins (recipient antibody) 
in which residues from a complementary determining 
region ^v^i^ivj oi me ret-ipieni are repiaceu uy rebiuues irom 
a CDR of a non-human species (donor antibody) such as 
mouse, rat, or rabbit having the desired specificity, affinity, 
and capacity. In some instances, Fv framework region (FR) 
residues of the human immunoglobulin are replaced by 
corresponding non-human residues. Furthermore, the 
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humanized antibody may comprise residues which are 
found neither in the recipient antibody nor in the imported 
CDR or framework sequences. These modifications are 
made to further refine and optimize antibody performance. 
In general, the humanized antibody will comprise 
substantially all of at least one, and typically two, variable 
domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human 
immunoglobulin and all or substantially all of the FR 
regions are those of a human immunoglobulin consensus 
sequence. The humanized antibody optimally also will 
comprise at least a portion of an immunoglobulin constant 
region or domain (Fc), typically that of a human 
immunoglobulin." ADE-33, P. 14, 1. 10 - P. 15, L 29. 

'The present invention provides newly identified and 
isolated Apo-2 polypeptides and Apo-2 antibodies. In 
particular, Applicants have identified and isolated various 
human Apo-2 polypeptides. The properties and 
characteristics of some of these Apo-2 polypeptides and 
anti- Apo-2 antibodies are described in further detail in the 
Examples below." ADE-33, P. 16, 1. 13-18. 

"A description follows as to how Apo-2, as well as Apo-2 
chimeric molecules and anti-Apo-2 antibodies, may be 
prepared." ADE-33, P. 16, 11. 21-22. 

"Preferably, the Ig is a human immunoglobulin when the 
chimeric molecule is intended for in vivo therapy for 
humans." ADE-33, P. 41, 11. 23-25. 

"Apo-2 preparations are also useful in generating 
antibodies..." ADE-33, P. 42, 11. 29-30. 

"Modified forms of the Apo-2, such as the Apo-2-IgG 
chimeric molecules (immunoadhesins) described above, can 
be used as immunogens in producing anti-Apo-2 
antibodies." ADE-33, P. 42, 11. 35-37. 

"The present invention further provides anti-Apo-2 
antibodies. Antibodies against Apo-2 may be prepared as 
follows. Exemplary antibodies include polyclonal, 
monoclonal, humanized, bispecific, and heteroconjugate 
antibodies." ADE-33, P. 44, 11. 24-27. 
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"The Apo-2 antibodies may, alternatively, be monoclonal 
antibodies. Monoclonal antibodies may be prepared using 
hybridoma methods, such as those described by Kohler and 
Milstein, supra. In a hybridoma method, a mouse, hamster, 
or other appropriate host animal, is typically immunized 
(such as described above) with an immunizing agent to 
elicit lymphocytes that produce or are capable of producing 
antibodies that will specifically bind to the immunizing 
agent. Alternatively, the lymphocytes may be immunized in 
vitro." ADE-33, P. 45, 11. 14-21. 

"The immunizing agent will typically include the Apo-2 
polypeptide or a fusion protein thereof. An example of a 
suitable immunizing agent is an Apo-2-IgG fusion protein 
or chimeric molecule. A specific example of an Apo-2 
ECD-IgG immunogen is described in Example 9 below." 
ADE-33, P. 45, 11. 22-26. 

"The monoclonal antibodies may also be made by 
recombinant DNA methods, such as those described in U.S. 
Patent No. 4,816,567. DNA encoding the monoclonal 
antibodies of the invention can be readily isolated and 
sequenced using conventional procedures (e.g., by using 
oligonucleotide probes that are capable of binding 
specifically to genes encoding the heavy and light chains of 
murine antibodies)." ADE-33, P. 46, 11. 37-42. 

"As described in the Examples below, anti-Apo-2 
monoclonal antibodies have been prepared. One of these 
antibodies, 3F1 1 .39.7, has been deposited with ATCC and 
has been assigned deposit accession no. HB-12456. In one 
embodiment, the monoclonal antibodies of the invention 
will have the same biological characteristics as the 
monoclonal antibodies secreted by the hybridoma cell 
line(s) deposited under Accession No. HB-12456. The term 
'biological characteristics' is used to refer to the in vitro 
and/or in vivo activities or properties of the monoclonal 
dnuoouy, !>uC/ii db ixic duimy 10 opcL/iiicdiiy umu iu /\pu-z ui 
to substantially block, induce or enhance Apo-2 activation. 
As disclosed in the present specification, the 3F1 1 .39.7 
monoclonal antibody (HB-12456) is characterized as having 
agonistic activity for inducing apoptosis, binding to the 
Apo-2 receptor, having blocking activity as described in the 
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Examples below, and having some cross-reactivity to DR4 
but not to DcRl or DcR2. Optionally, the monoclonal 
antibody will bind to the same epitope as the 3F1 1 .39.7 
antibody disclosed herein. This can be determined by 
conducting various assays, such as described herein and in 
the Examples. For instance, to determine whether a 
monoclonal antibody has the same specificity as the 
3F1 1.39.7 antibody specifically disclosed, one can compare 
activity in Apo-2 blocking and apoptosis induction assays, 
such as those described in the Examples below." ADE-33, 
P. 47, 11. 20-41. 

"The antibodies of the invention may also comprise 
monovalent antibodies. Methods for preparing monovalent 
antibodies are well known in the art." ADE-33, P. 47, 1. 42 
- P. 48, L 6. 

"The Apo-2 antibodies of the invention may further 
comprise humanized antibodies or human antibodies." 
ADE-33, P. 48, 11. 34-35. 

"Methods for humanizing non-human antibodies are well 
known in the art." ADE-33, P. 49, 11. 20-21. 

"The choice of human variable domains, both light and 
heavy, to be used in making the humanized antibodies is 
very important in order to reduce antigenicity. According to 
the 'best-fit' method, the sequence of the variable domain of 
a rodent antibody is screened against the entire library of 
known human variable domain sequences. The human 
sequence which is closest to that of the rodent is then 
accepted as the human framework (FR) for the humanized 
antibody [Sims et al., J. Immunol. , 151:2296 (1993); 
Chothia and Lesk, J. Mol Biol . 196:901 (1987)]." ADE- 
33, P. 49, L 36 - P. 50, 1. 6. 

"It is further important that antibodies be humanized with 
retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a 
process of analysis of the parental sequences and various 
conceptual humanized products using three dimensional 
models of the parental and humanized sequences. Three 
dimensional immunoglobulin models are commonly 
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available and are familiar to those skilled in the art." ADE- 
33, P. 50, Ins. 11-18. 

"Bispecific antibodies are monoclonal, preferably human or 
humanized, antibodies that have binding specificities for at 
least two different antigens. In the present case, one of the 
binding specificities is for the Apo-2, the other one is for 
any other antigen, and preferably for a cell-surface protein 
or receptor or receptor subunit. 

Methods for making bispecific antibodies are known in 
the art." ADE-33, P. 51, 11. 7-14. 

"Other modifications of the Apo-2 antibodies are 
contemplated. For example, it may be desirable to modify 
the antibodies of the invention with respect to effector 
function, so as to enhance the therapeutic effectiveness of 
the antibodies." ADE-33, P. 52, 11. 35-38. 

"The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be 
employed to activate or stimulate apoptosis in cancer cells. 
The Apo-2 antibodies of the invention may also be useful in 
enhancing immune-mediated cell death in cells expressing 
Apo-2, for instance, through complement fixation or 
ADCC." ADE-33, P. 53, 11. 16-21. 

"In a further embodiment of the invention, there are 
provided articles of manufacture and kits containing Apo-2 
or Apo-2 antibodies which can be used, for instance, for the 
therapeutic or non-therapeutic applications described 
above." ADE-33, P. 54, 11. 19-22. 

"Balb/c mice (obtained from Charles River Laboratories) 
were immunized by injecting 0.5^ig/50|il of an Apo-2 ECD 
immunoadhesin protein (diluted in MPL-TDM adjuvant 
purchased from Ribi Immunochemical Research Inc., 
Hamilton, MT) 1 1 times into each hind foot pad at 3-4 day 
intervals. The Apo-2 ECD immunoadhesin protein was 
generated by fusing an extracellular domain sequence of 
Apo-2 (amino acids 1-184 shown in Fig. 1) to the hinge and 
Fc region of human immunoglobulin Gi heavy chain in 
pRK5 as described previously [Ashkenazi et al., Proc. Natl. 
Acad. Scu 88:10535-10539 (1991)]." ADE-33, P. 64, 11. 
14-22. 
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"Of the hybridoma supernatants screened in the ELISA, 22 
supernatants tested positive (calculated as approximately 4 
times above background). The supernatants testing positive 
in the ELISA were further analyzed by FACS analysis using 
9D cells (a human B lymphoid cell line expressing Apo-2; 
Genentech, Inc.) and FITC-conjugated goat anti-mouse 
IgG." ADE-33, P. 65, 11. 29-34. 

"FACS analysis showed 8/22 supernatants were positive for 
anti-Apo-2 antibodies." ADE-33, P. 66, 11. 7-9. 

"Figure 7 shows the FACS staining of 9D cells incubated 
with one of the Apo-2 antibodies, referred to as 3F1 1 .39.7. 
As shown in FIG. 7, the 3F1 L39.7 antibody recognizes the 
Apo-2 receptor expressed in 9D cells." ADE-33, P. 66, 11. 
10-13. 



"Hybridoma supernatants and purified antibodies (as 
described in Example 9 above) were tested for activity to 
induce Apo-2 mediated 9D cell apoptosis." ADE-33, P. 66, 
11.18-20. 



"As shown in Figure 8, the 3F1 1 .39.7 antibody (in the 
absence of the goat anti-mouse IgG Fc) induced apoptosis 
in the 9D cells as compared to the control antibodies. 
Agonistic activity, however, was enhanced by Apo-2 
receptor cross-linking in the presence of the goat anti-mouse 
IgG Fc (see Figure 9). This enhanced apoptosis (Figure 9) 
by the combination of antibodies is comparable to the 
apoptotic activity of Apo-2L in 9D cells (data not shown)." 
ADE-33, P. 66, 11. 33-39. 

"The ELISA was performed essentially as described in 
Example 9 above. 

The results are shown in Figure 11. The Apo-2 antibody 
3F1 1 .39.7 bound to Apo-2. The 3F1 1 .39.7 antibody also 
showed some cross-reactivity to DR4, but not to DcRl or 
DcR2." P. 68,1ns. 12-16. 

"3F1 1.39.7 HB-12456 January 13,1998" 

ADE-33, P. 69, 1. 9. 
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(a) binds to a soluble extracellular 
domain sequence of an Apo-2 
polypeptide consisting of amino 
acids 54 to 182 of SEQ ID NO:l 
and 


"In another embodiment, the invention provides an isolated 
extracellular domain (ECD) sequence of Apo-2. Optionally, 
the isolated extracellular domain sequence comprises amino 
acid residues 54 to 182 of Fig. 1 (SEQ ID NO:l)." ADE- 
33, P. 8, 11. 12-15. 

"FIG. 2A shows the derived amino acid sequence of a 
native sequence human Apo-2-the putative signal sequence 
is underlined, the putative transmembrane domain is boxed, 
and the putative death domain sequence is dash underlined. 
The cysteines of the two cysteine-rich domains are 
individually underlined." ADE-33, P. 9, 11. 30-34. 

"The 'Apo-2 extracellular domain' or 6 Apo-2 ECD 5 refers 
to a form of Apo-2 which is essentially free of the 
transmembrane and cytoplasmic domains of Apo-2. 
Ordinarily, Apo-2 ECD will have less than 1% of such 
transmembrane and/or cytoplasmic domains and preferably, 
will have less than 0.5% of such domains. Optionally, Apo- 
2 ECD will comprise amino acid residues 54 to 182 of Fig. 
1 (SEQ ID NO:l) or amino acid residues 1 to 182 of Fig. 1 
(SEQ ID NO:l)." ADE-33, P. 11, 1. 37 - P. 12, 1. 5. 

"In general, the signal sequence may be a component of the 
vector, or it may be a part of the Apo-2 DNA that is inserted 
into the vector. The heterologous signal sequence selected 
preferably is one that is recognized and processed (i.e., 
cleaved by a signal peptidase) by the host cell. . .In 
mammalian cell expression the native Apo-2 presequence 
that normally directs insertion of Apo-2 in the cell 
membrane of human cells in vivo is satisfactory, although 
other mammalian signal sequences may be used to direct 
secretion of the protein, such as signal sequences from 
secreted polypeptides of the same or related species, as well 
as viral secretory leaders, for example, the herpes simplex 
glycoprotein D signal." ADE-33, P. 19, 11. 18-37. 

"The entire nucleotide sequence of Apo-2 is shown in 
rigure I ^oriv,/ ijj inu.zj. L^ione z /ooo ^aiso reierreu 10 as 
pRK5-Apo-2 deposited as ATCC 209021, as indicated 
below) contains a single open reading frame with an 
apparent translational initiation site at nucleotide positions 
140-142 [Kozak et al., supra] and ending at the stop codon 
found at nucleotide positions 1373-1375 (Fig. 1; SEQ ID 
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NO:2). The predicted polypeptide precursor is 41 1 amino 
acids long, a type I transmembrane protein, and has a 
calculated molecular weight of approximately 45 kDa. 
Hydropathy analysis (not shown) suggested the presence of 
a signal sequence (residues 1-53), followed by an 
extracellular domain (residues 54-182), a transmembrane 
domain (residues 183-208), and an intracellular domain 
(residues 209-411) (Fig. 2A; SEQ ID NO:l). N-terminal 
amino acid sequence analysis of Apo-2-IgG expressed in 
293 cells showed that the mature polypeptide starts at amino 
acid residue 54, indicating that the actual signal sequence 
comprises residues 1-53." ADE-33, P. 57, 11. 24-38. 



"(The Apo-2 ECD construct included residues 183 and 184 
shown in Figure. 1 to provide flexibility at the junction, 
even though residues 183 and 184 are predicted to be in the 
transmembrane region)." ADE-33, P. 58, 11. 34-36. 



"A soluble Apo-2 ECD immunoadhesin construct was 
prepared. The Apo-2 ECD (amino acids 1-184 shown in 
Fig. 1) was fused to the hinge and Fc region of human 
immunoglobulin Gi heavy chain in pRK5 as described 
previously [Ashkenazi et al., Proc. Natl. Acad. Sci. „ 
88:10535-10539 (1991)]. The immunoadhesin was 
expressed by transient transfection into human 293 cells and 
purified from cell supernatants by protein A affinity 
chromatography, as described by Ashkenazi et al., supra ." 
ADE-33, P. 59, 11. 8-15. 



"Balb/c mice (obtained from Charles River Laboratories) 
were immunized by injecting 0.5 .mu.g/50 .mu.l of an Apo- 
2 ECD immunoadhesin protein (diluted in MPL-TDM 
adjuvant purchased from Ribi Immunochemical Research 
Inc., Hamilton, MT) 1 1 times into each hind foot pad at 3-4 
day intervals. The Apo-2 ECD immunoadhesin protein was 
generated by fusing an extracellular domain sequence of 
Apo-2 (amino acids 1-184 shown in Fig. 1) to the hinge and 
Fc region of human immunoglobulin Gt heavy chain in 
pRK5 as described previously [Ashkenazi et al., Proc. Natl. 
Acad. Sci. , 88:10535-10539 (1991)]. The immunoadhesin 
protein was expressed by transient transfection into human 
293 cells and purified from cell supernatants by protein A 
affinity chromatography, as described by Ashkenazi et al., 
supra (See also Example 2B above)." ADE-33, P. 64, 11. 
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(b) induces apoptosis in at least 
one type of mammalian cancer 
cell in vivo or ex vivo. 


14-25. 

"Figure 7 shows the FACS staining of 9D cells incubated 
with one of the Apo-2 antibodies, referred to as 3F1 1 .39.7. 
As shown in Figure 7, the 3F1 1.39.7 antibody recognizes 
the Apo-2 receptor expressed in 9D cells." ADE-33, P. 66, 
11. 10-13. 

"The results are shown in Figure 1 1 . The Apo-2 antibody 
3F1 1.39.7 bound to Apo-2. The 3F1 1.39.7 antibody also 
showed some cross-reactivity to DR4, but not to DcRl or 
DcR2." ADE-33, P. 68, 11. 14-16. 

'The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be 
employed to activate or stimulate apoptosis in cancer cells. 
The Apo-2 antibodies of the invention may also be useful in 
enhancing immune-mediated cell death in cells expressing 
Apo-2, for instance, through complement fixation or 
ADCC." ADE-33, P. 53, 11. 16-21. 

"As shown in Figure 8, the 3F1 1 .39.7 antibody (in the 
absence of the goat anti-mouse IgG Fc) induced apoptosis 
in the 9D cells as compared to the control antibodies. 

/\gUllloUL/ adIVliy, llwWCVCl, Wao CllllallOCU \jy r\y\j z, 

receptor cross-linking in the presence of the goat anti-mouse 
IgG Fc (see Figure 9). This enhanced apoptosis (Figure 9) 
by the combination of antibodies is comparable to the 
apoptotic activity of Apo-2L in 9D cells (data not shown). 55 
ADE-33, P. 66, 11. 33-39. 
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65. A method of inducing 
apoptosis in mammalian cancer 
cells comprising 


"'Biologically active 5 and 'desired biological activity' for 
the purposes herein means (1) having the ability to 
modulate apoptosis (either in an agonistic or stimulating 
manner or in an antagonistic or blocking manner) in at least 
one type of mammalian cell in vivo or ex vivo; (2) having 
the ability to bind Apo-2 ligand; or (3) having the ability to 
modulate Apo-2 ligand signaling and Apo-2 ligand 
activity." ADE-34, P. 18, 11. 18-24. 

"The terms 'apoptosis' and 'apoptotic activity' are used in a 
broad sense and refer to the orderly or controlled form of 
cell death in mammals that is typically accompanied by one 
or more characteristic cell changes, including condensation 
of cytoplasm, loss of plasma membrane microvilli, 
segmentation of the nucleus, degradation of chromosomal 
DNA or loss of mitochondrial function. This activity can be 
determined and measured, for instance, by cell viability 
assays, FACS analysis or DNA electrophoresis, all of which 
are known in the art." ADE-34, P. 18, 11. 25-33. 

"The terms 'cancer' and 'cancerous' refer to or describe the 
physiological condition in mammals that is typically 
characterized by unregulated cell growth. Examples of 
cancer include but are not limited to, carcinoma, lymphoma, 
blastoma, sarcoma, and leukemia. More particular examples 
of such cancers include squamous cell cancer, small-cell 
lung cancer, non-small cell lung cancer, blastoma, 
gastrointestinal cancer, renal cancer, pancreatic cancer, 
glioblastoma, neuroblastoma, cervical cancer, ovarian 
cancer, liver cancer, stomach cancer, bladder cancer, 
hepatoma, breast cancer, colon cancer, colorectal cancer, 
endometrial carcinoma, salivary gland carcinoma, kidney 
cancer, liver cancer, prostate cancer, vulval cancer, thyroid 
cancer, hepatic carcinoma and various types of head and 
neck cancer." ADE-34, P. 18, L 37 to P. 19, 1. 10. 

"The term 'mammal' as used herein refers to any mammal 
classified as a mammal, including humans, cows, horses, 
dogs and cats. In a preferred embodiment of the invention, 
the mammal is a human." ADE-34, P. 19, 11. 11-14. 

"Apo-2, as disclosed in the present specification, can be 
employed therapeutically to induce apoptosis in mammalian 
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exposing mammalian cancer cells 
to an effective amount of an Apo- 
2 agonist monoclonal antibody 
which 


cells. This therapy can be accomplished for instance, using 
in vivo or ex vivo gene therapy techniques and includes the 
use of the death domain sequences disclosed herein. The 
Apo-2 chimeric molecules (including the chimeric 
molecules containing an extracellular domain sequence of 
Apo-2) comprising immunoglobulin sequences can also be 
employed therapeutically to inhibit apoptosis or NF-kB 
induction by Apo-2L or by another ligand that Apo-2 binds 
to." ADE-34, P. 45, 11. 8-16. 

"The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be 
employed to activate or stimulate apoptosis in cancer cells. 
Accordingly, the invention provides methods for treating 
cancer using such Apo-2 antibodies." ADE-34, P. 59, 11. 2- 
6. 

"Following administration of agonist to the mammal, the 
mammal's cancer and physiological condition can be 
monitored in various ways well known to the skilled 
practitioner. For instance, tumor mass may be observed 
physically or by standard x-ray imaging techniques." ADE- 
34, P. 60, 11. 27-31. 

"In another embodiment, the invention provides an antibody 
which specifically binds to Apo-2. The antibody may be an 
agonistic, antagonistic or neutralizing antibody. Single- 
chain antibodies and dimeric molecules, in particular 
homodimeric molecules, comprising Apo-2 antibody are 
also provided." ADE-34, P. 9, 11. 35-39. 

"A further embodiment of the invention provides articles of 
manufacture and kits that include Apo-2 or Apo-2 
antibodies." ADE-34, P. 10, 11. 4-5. 

"Figure 7 shows the FACS analysis of an Apo-2 antibody, 
3F1 1 .39.7 (illustrated by the bold lines) as compared to IgG 
controls (dotted lines). The 3F1 1.39.7 antibody recognized 
the Apo-2 receptor expressed in human 9D cells. 

Figure 8 is a graph showing percent (%) apoptosis 
induced in 9D cells by Apo-2 antibody 3F1 1.39.7, in the 
absence of goat anti-mouse IgG Fc. 

Figure 9 is a bar diagram showing percent (%) apoptosis, 



H-2 

APPENDIX H 

USSN 10/052,798 



Proposed Count 


Support in Applicants' 09/079,029 Specification 




as compared to Apo-2L, in 9D cells by Apo-2 antibody 
3F1 1 .39.7 in the presence or absence of goat anti-mouse 
IgG Fc." ADE-34, P. 11, 11. 13-22. 

"Figure 1 1 is a graph showing results of an ELISA testing 
binding of Apo-2 antibody 3F1 1.39.7 to Apo-2 and to other 
known Apo-2L receptors referred to as DR4, DcRl, and 
DcR2. 

Figure 12A is a graph showing the results of an ELISA 
assay evaluating binding of the 16E2 antibody to Apo-2, 
DR4, DcRl , DcR2 and CD4-Ig. 

Figure 12B is a graph showing the results of an ELISA 
assay evaluating binding of the 20E6 antibody to Apo-2, 
DR4, DcRl , DcR2 and CD4-Ig. 

Figure 12C is a graph showing the results of an ELISA 
assay evaluating binding of the 24C4 antibody to Apo-2, 
DR4, DcRl , DcR2 and CD4-Ig. 

Figure 13A is a graph showing agonistic activity of the 
16E2 antibody, as compared to Apo-2L, in an apoptosis 
assay (crystal violet stain) using SK-MES-1 cells. 

Figure 1 3B is a bar diagram showing agonistic activity of 
the 16E2 antibody, as compared to 7D5 scFv antibody (an 
anti-tissue factor antibody), in an apoptosis assay (crystal 
violet stain) using SK-MES-1 cells. 

Figure 13C is a bar diagram showing agonistic activity of 
the 1 6E2 antibody, as compared to 7D5 scFv antibody, in an 
apoptosis assay (annexin V-biotin/streptavidin-[S 35 ]) using 
SK-MES-1 cells. 

Figure 14A is a graph showing agonistic activity of the 
20E6 antibody, as compared to Apo-2L, in an apoptosis 
assay (crystal violet stain) using SK-MES-1 cells. 

Figure 14B is a graph showing agonistic activity of the 
20E6 antibody by a comparison between results obtained in 
the crystal violet and annexin V-biotin/streptavidin-[S ] 
apoptosis assays. 

Figure 14C is a graph showing agonistic activity of gD- 
tagged 16E2 antibody, as compared to Apo-2L, in an 
apoptosis assay (crystal violet stain) using SK-MES-1 

relk " ADF-14 P 1 1 1 2fi tn P 12 1 21 
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"The term 'antibody 5 is used in the broadest sense and 
specifically covers anti-Apo-2 monoclonal antibodies 
(including agonist, antagonist, and blocking or neutralizing 
antibodies) and anti-Apo-2 antibody compositions with 
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polyepitopic specificity. 

The term 'monoclonal antibody' as used herein refers to 
an antibody obtained from a population of substantially 
homogeneous antibodies, i.e., the individual antibodies 
comprising the population are identical except for possible 
naturally-occurring mutations that may be present in minor 
amounts. Monoclonal antibodies are highly specific, being 
directed against a single antigenic site. Furthermore, in 
contrast to conventional (polyclonal) antibody preparations 
which typically include different antibodies directed against 
different determinants (epitopes), each monoclonal antibody 
is directed against a single determinant on the antigen. 

The monoclonal antibodies herein include hybrid and 
recombinant antibodies produced by splicing a variable 
(including hypervariable) domain of an anti-Apo-2 antibody 
with a constant domain, or a light chain with a heavy chain, 
or a chain from one species with a chain from another 
species, or fusions with heterologous proteins, regardless of 
species of origin or immunoglobulin class or subclass 
designation, as well as antibody fragments (e.g., Fab, 
F(ab')2, and Fv), so long as they exhibit the desired 
biological activity. See, e.g. U.S. Pat. No. 4,816,567 and 
Mage et al., in Monoclonal Antibodv Production 
Techniques and Applications, pp.79-97 (Marcel Dekker. 
Inc.: New York, 1987). 

Thus, the modifier 'monoclonal' indicates the character 
of the antibody as being obtained from a substantially 
homogeneous population of antibodies, and is not to be 
construed as requiring production of the antibody by any 
particular method. For example, the monoclonal antibodies 
to be used in accordance with the present invention may be 
made by the hybridoma method first described by Kohler 
and Milstein, Nature, 256:495 (1975), or mav be made bv 
recombinant DNA methods such as described in U.S. Pat. 
No. 4,816,567. The 'monoclonal antibodies' may also be 
isolated from phage libraries generated using the techniques 
described in McCaffertv et al., Nature, 348:552-554 (1990). 
for example. 

6 ^in o\ p-pVi^in Pv' nr 'qpT^v' AntihnHv fracrmptitQ pntnr^TiQP 

Olllglt/ Villain 1 V \Jl owl V CLililUvJKXy 11 dglllt/lllo ^UlllL/IloG 

the V H and V L domains of antibody, wherein these domains 
are present in a single polypeptide chain. Generally, the Fv 
polypeptide further comprises a polypeptide linker between 
the Vh and Vl domains which enables the scFv to form the 
desired structure for antigen binding. For a review of scFv 
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see, e.g., Pluckthuru The Pharmacology of Monoclonal 
Antibodies, vol. 113, Rosenburg and Moore eds. Springer- 
Verlag, New York, pp. 269-315 (1994). The scFv antibody 
fragments of the present invention include but are not 
limited to the 16E2, 20E6 and 24C4 antibodies described in 
detail below. Within the scope of the scFv antibodies of the 
invention are scFv antibodies comprising VH and VL 
domains that include one or more of the CDR regions 
identified for the 16E2, 20E6 and 24C4 antibodies. 

'Humanized' forms of non-human (e.g. murine) 
antibodies are specific chimeric immunoglobulins, 
immunoglobulin chains, or fragments thereof (such as Fv, 
Fab, Fab', F(ab') 2 or other antigen-binding subsequences of 
antibodies) which contain minimal sequence derived from 
non-human immunoglobulin. For the most part, humanized 
antibodies are human immunoglobulins (recipient antibody) 
in which residues from a complementary determining 
region (CDR) of the recipient are replaced by residues from 
a CDR of a non-human species (donor antibody) such as 
mouse, rat, or rabbit having the desired specificity, affinity, 
and capacity. In some instances, Fv framework region (FR) 
residues of the human immunoglobulin are replaced by 
corresponding non-human residues. Furthermore, the 
humanized antibody may comprise residues which are 
found neither in the recipient antibody nor in the imported 
CDR or framework sequences. These modifications are 
made to further refine and optimize antibody performance. 
In general, the humanized antibody will comprise 
substantially all of at least one, and typically two, variable 
domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human 
immunoglobulin and all or substantially all of the FR 
regions are those of a human immunoglobulin consensus 
sequence. The humanized antibody optimally also will 
comprise at least a portion of an immunoglobulin constant 
region or domain (Fc), typically that of a human 
immunoglobulin." ADE-34, P. 16, 1. 21 - P. 18, 1. 17. 

i lie prcoCiu liivciiuuii pruviuco iicwiy luciiuiicu diiu 
isolated Apo-2 polypeptides and Apo-2 antibodies. In 
particular, Applicants have identified and isolated various 
human Apo-2 polypeptides. The properties and 
characteristics of some of these Apo-2 polypeptides and 
anti-Apo-2 antibodies are described in further detail in the 
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Examples below." ADE-34, P. 19, 1. 17-22, 



"A description follows as to how Apo-2, as well as Apo-2 
chimeric molecules and anti-Apo-2 antibodies, may be 
prepared." ADE-34, P. 19, 11. 26-27. 

"Preferably, the Ig is a human immunoglobulin when the 
chimeric molecule is intended for in vivo therapy for 
humans." ADE-34, P. 44, 11. 21-22. 



"Apo-2 preparations are also useful in generating 
antibodies. . ." ADE-34, P. 45, 11. 28-29. 



"Modified forms of the Apo-2, such as the Apo-2-IgG 
chimeric molecules (immunoadhesins) described above, can 
be used as immunogens in producing anti-Apo-2 
antibodies." ADE-34, P. 45, 11. 35-37. 



"The present invention further provides anti-Apo-2 
antibodies. Antibodies against Apo-2 may be prepared as 
follows. Exemplary antibodies include polyclonal, 
monoclonal, humanized, bispecific, and heteroconjugate 
antibodies." ADE-34, P. 47, 11. 25-28. 



"The Apo-2 antibodies may, alternatively, be monoclonal 
antibodies. Monoclonal antibodies may be prepared using 
hybridoma methods, such as those described by Kohler and 
Milstein, supra . In a hybridoma method, a mouse, hamster, 
or other appropriate host animal, is typically immunized 
(such as described above) with an immunizing agent to 
elicit lymphocytes that produce or are capable of producing 
antibodies that will specifically bind to the immunizing 
agent. Alternatively, the lymphocytes may be immunized in 
vitro." ADE-34, P. 48, 11. 16-24. 



"The immunizing agent will typically include the Apo-2 
polypeptide or a fusion protein thereof. An example of a 
suitable immunizing agent is an Apo-2-IgG fusion protein 
or chimeric molecule. A specific example of an Apo-2 
ECD-IgG immunogen is described in Example 9 below." 
ADE-34, P. 48, 11. 25-29. 

"The monoclonal antibodies may also be made by 
recombinant DNA methods, such as those described in U.S. 
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Patent No. 4,816,567. DNA encoding the monoclonal 
antibodies of the invention can be readily isolated and 
sequenced using conventional procedures (e.g., by using 
oligonucleotide probes that are capable of binding 
specifically to genes encoding the heavy and light chains of 
murine antibodies)." ADE-34, P. 50, 11. 3-9. 

"As described in the Examples below, anti-Apo-2 
monoclonal antibodies have been prepared. One of these 
antibodies, 3F1 1.39.7, has been deposited with ATCC and 
has been assigned deposit accession no. HB- 12456. In one 
embodiment, the monoclonal antibodies of the invention 
will have the same biological characteristics as the 
monoclonal antibodies secreted by the hybridoma cell 
line(s) deposited under Accession No. HB-12456. The term 
'biological characteristics 5 is used to refer to the in vitro 
and/or in vivo activities or properties of the monoclonal 
antibody, such as the ability to specifically bind to Apo-2 or 
to substantially block, induce or enhance Apo-2 activation. 
As disclosed in the present specification, the 3F1 1.39.7 
monoclonal antibody (HB-12456) is characterized as having 
agonistic activity for inducing apoptosis, binding to the 
Apo-2 receptor, having blocking activity as described in the 
Examples below, and having some cross-reactivity to DR4 
but not to DcRl or DcR2. Optionally, the monoclonal 
antibody will bind to the same epitope as the 3F1 1 .39.7 
antibody disclosed herein. This can be determined by 
conducting various assays, such as described herein and in 
the Examples. For instance, to determine whether a 
monoclonal antibody has the same specificity as the 
3F1 1 .39.7 antibody specifically disclosed, one can compare 
activity in Apo-2 blocking and apoptosis induction assays, 
such as those described in the Examples below." ADE-34, 
P. 50, 1. 25 - P. 51, 1. 8. 

'The antibodies of the invention may also comprise 
monovalent antibodies. Methods for preparing monovalent 
antibodies are well known in the art." ADE-34, P. 51, 11. 9- 
ii 

XX.. 

"The Apo-2 antibodies of the invention may further 
comprise humanized antibodies or human antibodies." 
ADE-34, P. 52, 11. 2-3. 
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"Methods for humanizing non-human antibodies are well 
known in the art." ADE-34, P. 52, IL 28-29. 

"The choice of human variable domains, both light and 
heavy, to be used in making the humanized antibodies is 
very important in order to reduce antigenicity. According to 
the 'best-fit' method, the sequence of the variable domain of 
a rodent antibody is screened against the entire library of 
known human variable domain sequences. The human 
sequence which is closest to that of the rodent is then 
accepted as the human framework (FR) for the humanized 
antibodv TSims et al.. J. Immunol., 151:2296 0993); 
Chothia and Lesk, J. Mol. Biol., 196:901 (1987)1." ADE- 
34, P.53, 1L 7-15. 

"It is further important that antibodies be humanized with 
retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a 
process of analysis of the parental sequences and various 
conceptual humanized products using three dimensional 
models of the parental and humanized sequences. Three 
dimensional immunoglobulin models are commonly 
available and are familiar to those skilled in the art." ADE- 
34, P. 53, 11. 21-28. 

"As described in the Examples below, anti-Apo-2 single- 
chain Fv (scFv) antibodies have been identified using a 
phage display library. Three of these antibodies, referred to 
herein as 16E2, 24C4 and 20E6, have been sequenced and 
characterized. The respective DNA and amino acid 
sequences and complementarity determining regions of 
these antibodies are shown in Figures 15A-15C and 16. In 
one embodiment of the invention, scFv Apo-2 antibodies 
will have the same biological characteristics as the 16E2, 
24C4 or 20E6 antibodies identified herein. The term 
'biological characteristics' is used to refer to the in vitro 
and/or in vivo activities or properties of the scFv antibody, 
bucn ai> inc aDiiiiy to bpecnicaiiy oinu to /\po-z or lo 
substantially induce or enhance Apo-2 activation. As 
disclosed in the present specification, the 16E2, 24C4 and 
20E6 antibodies are characterized as binding to Apo-2, 
having agonistic activity for inducing apoptosis, and having 
no cross-reactivity to DR4 or several of the other known 
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molecules recognized by the Apo-2 ligand. Optionally, the 
scFv Apo-2 antibody will bind to the same epitope or 
epitopes recognized by the 16E2, 24C4 or 20E6 antibodies 
disclosed herein. This can be determined by conducting 
various assays, such as described herein and in the 
Examples. For instance, to determine whether a scFv 
antibody has the same specificity as the 16E2, 24C4 or 
20E6 antibodies specifically disclosed, one can compare 
activity in apoptosis induction assays, such as those 
described in the Examples below." ADE-34, P. 54, 1. 31 - 
P. 55, 1. 16. 

"Optionally the scFv antibodies to Apo-2 may include 
antibodies which contain a VH and VL chain that include 
one or more complementarity determining region (CDR) 
amino acid sequences identified in Figure 16 for the 16E2, 
20E6, or 24C4 antibodies." ADE-34, P. 55, 11. 17-20. 

"Bispecific antibodies are monoclonal, preferably human or 
humanized, antibodies that have binding specificities for at 
least two different antigens. In the present case, one of the 
binding specificities is for the Apo-2, the other one is for 
any other antigen, and preferably for a cell-surface protein 
or receptor or receptor subunit. 

Methods for making bispecific antibodies are known in 
the art." ADE-34, P. 55, 11. 23-30. 

"Other modifications of the Apo-2 antibodies are 
contemplated. For example, it may be desirable to modify 
the antibodies of the invention with respect to effector 
function, so as to enhance the therapeutic effectiveness of 
the antibodies." ADE-34, P. 57, 11. 16-19. 

"The agonist is preferably administered to the mammal in a 
carrier. Suitable carriers and their formulations are 
described in Remington's Pharmaceutical Sciences , 16th 
ed., 1980, Mack Publishing Co., edited by Oslo et al. 
Typically, an appropriate amount of a pharmaceutically- 
acceptable salt is used in the formulation to render the 
formulation isotonic. Examples of a pharmaceutically- 
acceptable carrier include saline, Ringer's solution and 
dextrose solution. The pH of the solution is preferably from 
about 5 to about 8, and more preferably from about 7 to 
about 7.5. Further carriers include sustained release 
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preparations such as semipermeable matrices of solid 
hydrophobic polymers containing the agonist, which 
matrices are in the form of shaped articles, e.g., films, 
liposomes or microparticles. It will be apparent to those 
persons skilled in the art that certain carriers may be more 
preferable depending upon, for instance, the route of 
administration and concentration of agonist being 
administered." ADE-34, P. 59, 11. 9-25. 

"The agonist antibody can be administered to the mammal 
by injection (e.g., intravenous, intraperitoneal, 
subcutaneous, intramuscular), or by other methods such as 
infusion that ensure its delivery to the bloodstream in an 
effective form. The agonist may also be administered by 
intratumoral, peritumoral, intralesional, or perilesional 
routes, to exert local as well as systemic therapeutic effects. 
Local or intravenous injection is preferred." ADE-34, P. 
59, 11. 26-33. 

"Effective dosages and schedules for administering the 
agonist antibody may be determined empirically, and 
making such determinations is within the skill in the art. 
Those skilled in the art will understand that the dosage of 
agonist that must be administered will vary depending on, 
for example, the mammal which will receive the agonist, 
the route of administration, the particular type of agonist 
used and other drugs being administered to the mammal. 
Guidance in selecting appropriate doses for antibody 
agonists is found in the literature on therapeutic uses of 
antibodies, e.g.. Handbook of Monoclonal Antibodies, 
Ferrone et al., eds., Noges Publications, Park Ridge, N.J., 
(1985) ch. 22 and pp. 303-357; Smith et al„ Antibodies in 
Human Diagnosis and Therapv, Haber et al., eds.. Raven 
Press, New York (1977) pp. 365-389. A typical daily 
dosage of the agonist used alone might range from about 1 
Hg/kg to up to 100 mg/kg of body weight or more per day, 
depending on the factors mentioned above." ADE-34, P. 
59, 1. 34 - P. 60, 1. 10. 

"The agonist antibody may also be administered to the 
mammal in combination with effective amounts of one or 
more other therapeutic agents or in conjunction with 
radiation treatment. Therapeutic agents contemplated 
include chemotherapeutics as well as immunoadjuvants and 
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cytokines. Chemotherapies contemplated by the invention 
include chemical substances or drugs which are known in 
the art and are commercially available, such as 
Doxorubicin, 5-Fluorouracil, Cytosine arabinoside ("Ara- 
C"), Cyclophosphamide, Thiotepa, Busulfan, Cytoxin, 
Taxol, Methotrexate, Cisplatin, Melphalan, Vinblastine and 
Carboplatin. The agonist may be administered sequentially 
or concurrently with the one or more other therapeutic 
agents. The amounts of agonist and therapeutic agent 
depend, for example, on what type of drugs are used, the 
cancer being treated, and the scheduling and routes of 
administration but would generally be less than if each were 
used individually." ADE-34, P. 60, 11. 11-26. 

"Following administration of agonist to the mammal, the 
mammal's cancer and physiological condition can be 
monitored in various ways well known to the skilled 
practitioner. For instance, tumor mass may be observed 
physically or by standard x-ray imaging techniques." ADE- 
34, P. 60, 11. 27-31. 

"The Apo-2 antibodies of the invention may also be useful 
in enhancing immune-mediated cell death in cells 
expressing Apo-2, for instance, through complement 
fixation or ADCC." ADE-34, P. 60, 11. 32-34. 

"In a further embodiment of the invention, there are 
provided articles of manufacture and kits containing Apo-2 
or Apo-2 antibodies which can be used, for instance, for the 
therapeutic or non-therapeutic applications described 
above." ADE-34, P. 61, L 37 - P. 62, 1. 1. 



"Balb/c mice (obtained from Charles River Laboratories) 
were immunized by injecting 0.5|ig/50|il of an Apo-2 ECD 
immunoadhesin protein (diluted in MPL-TDM adjuvant 
purchased from Ribi Immunochemical Research Inc., 
Hamilton, MT) 1 1 times into each hind foot pad at 3-4 day 
intervals. The Apo-2 ECD immunoadhesin protein was 
generated by fusing an extracellular domain sequence of 
Apo-2 (amino acids 1-184 shown in Fig. 1) to the hinge and 
Fc region of human immunoglobulin Gj heavy chain in 
pRK5 as described previously [Ashkenazi et al., Proc. Natl. 
Acad. ScL 88:10535-10539 (1991)]." ADE-34, P. 74, 11. 4- 
12. 
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"Of the hybridoma supernatants screened in the ELISA, 22 
supernatants tested positive (calculated as approximately 4 
times above background). The supernatants testing positive 
in the ELISA were further analyzed by FACS analysis using 
9D cells (a human B lymphoid cell line expressing Apo-2; 
Genentech, Inc.) and FITC-conjugated goat anti-mouse 
IgG." ADE-34, P. 75, 11. 22-27. 

"FACS analysis showed 8/22 supernatants were positive for 
anti-Apo-2 antibodies." ADE-34, P. 75, 1L 36-37. 

"Figure 7 shows the FACS staining of 9D cells incubated 
with one of the Apo-2 antibodies, referred to as 3F1 1 .39.7. 
As shown in Figure 7, the 3F1 1 .39.7 antibody recognizes 
the Apo-2 receptor expressed in 9D cells." ADE-34, P. 76, 
11. 1-4. 



"Hybridoma supernatants and purified antibodies (as 
described in Example 9 above) were tested for activity to 
induce Apo-2 mediated 9D cell apoptosis." ADE-34, P. 76, 
11.11-13. 



"As shown in Figure 8, the 3F1 1 .39.7 antibody (in the 
absence of the goat anti-mouse IgG Fc) induced apoptosis 
in the 9D cells as compared to the control antibodies. 
Agonistic activity, however, was enhanced by Apo-2 
receptor cross-linking in the presence of the goat anti-mouse 
IgG Fc (see Figure 9). This enhanced apoptosis (Figure 9) 
by the combination of antibodies is comparable to the 
apoptotic activity of Apo-2L in 9D cells (data not shown)." 
ADE-34, P. 76, 11. 28-35. 

"The results are shown in FIG. 1 1 . The Apo-2 antibody 
3F1 1 .39.7 bound to Apo-2. The 3F1 1,39.7 antibody also 
showed some cross-reactivity to DR4, but not to DcRl or 
DcR2." ADE-34, P. 78, 11. 12-14. 

"Purified scFv antibodies (as described in Example 14 
above) were tested for ability to induce Apo-2 mediated 
apoptosis." ADE-34, P. 85, 11. 13-14. 

"As shown in Figures 13C and 14B, the 16E2 and 20E6 
antibodies agonistically induced apoptosis in SK-MES-1 
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(a) binds to a soluble extracellular 
domain sequence of an Apo-2 
polypeptide consisting of amino 
acids 54 to 1 82 of SEQ ID NO: 1 
and 



cells." ADE-34, P. 86, 11. 13-14. 

"In addition to the annexin V-biotin/streptavidin-[S-35] 
assay described above, scFv antibodies (as described in 
Example 14 above) were tested for activity to induce Apo-2 
mediated apoptosis via assays utilizing crystal violet." 
ADE-34, P. 86, 11. 17-20. 

"As shown in Figures 13 A, 13B, 14A and 14B, the 16E2 
and 20E6 antibodies agonistically induced apoptosis in SK- 
MES-1 cells." ADE-34, P. 87, 11. 15-16. 

"A purified gD-tagged form of 16E2 scFv was tested for 
ability to induce Apo-2 mediated apoptosis in a crystal 
violet assay as described in Example 15 above." ADE-34, 
P. 87, 11. 22-24. 

"The apoptosis assay was performed essentially as 
described in Example 15(B) above except that samples were 
serially diluted 1 :3 in the plates and the 16E2-gD tagged 
antibody was tested in addition to two other preparations of 
16E2 scFv (referred to as Prep. A and Prep. B in Figure 
14C). The results of the assay showing apoptosis induction 
in SK-MES-1 cells by 16E2-gD antibody are illustrated in 
Figure 14C." ADE-34, P. 88, 11. 30-36. 



"3F1 1.39.7 HB-12456 
ADE-34, P. 89, 11. 8-9. 



January 13, 1998' 



"In another embodiment, the invention provides an isolated 
extracellular domain (ECD) sequence of Apo-2. Optionally, 
the isolated extracellular domain sequence comprises amino 
acid residues 54 to 182 of Fig. 1 (SEQ ID NO:l)." ADE- 
34, P. 8, 11. 25-28. 

"FIG. 2A shows the derived amino acid sequence of a 
native sequence human Apo-2--the putative signal sequence 
is underlined, the putative transmembrane domain is boxed, 
and the putative death domain sequence is dash underlined. 
The cysteines of the two cysteine-rich domains are 
individually underlined." ADE-34, P. 10, 11. 10-14. 

"The 'Apo-2 extracellular domain' or 6 Apo-2 ECD' refers 
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to a form of Apo-2 which is essentially free of the 
transmembrane and cytoplasmic domains of Apo-2. 
Ordinarily, Apo-2 ECD will have less than 1 % of such 
transmembrane and/or cytoplasmic domains and preferably, 
will have less than 0.5% of such domains. Optionally, Apo- 
2 ECD will comprise amino acid residues 54 to 182 of Fig. 
1 (SEQ ID NO:l) or amino acid residues 1 to 182 of Fig. 1 
(SEQ ID NO:l)." ADE-34, P. 13, 11. 30-37. 

"In general, the signal sequence may be a component of the 
vector, or it may be a part of the Apo-2 DNA that is inserted 
into the vector. The heterologous signal sequence selected 
preferably is one that is recognized and processed (i.e., 
cleaved by a signal peptidase) by the host cell. . .In 
mammalian cell expression the native Apo-2 presequence 
that normally directs insertion of Apo-2 in the cell 
membrane of human cells in vivo is satisfactory, although 
other mammalian signal sequences may be used to direct 
secretion of the protein, such as signal sequences from 
secreted polypeptides of the same or related species, as well 
as viral secretory leaders, for example, the herpes simplex 
glycoprotein D signal." ADE-34, P. 22, 1. 29 - P. 23, 1. 10. 

"The entire nucleotide sequence of Apo-2 is shown in 
Figure 1 (SEQ ID NO:2). Clone 27868 (also referred to as 
pRK5-Apo-2 deposited as ATCC 209021, as indicated 
below) contains a single open reading frame with an 
apparent translational initiation site at nucleotide positions 
140-142 [Kozak et aL supra] and ending at the stop codon 
found at nucleotide positions 1373-1375 (Fig. 1; SEQ ID 
NO:2). The predicted polypeptide precursor is 41 1 amino 
acids long, a type I transmembrane protein, and has a 
calculated molecular weight of approximately 45 kDa. 
Hydropathy analysis (not shown) suggested the presence of 
a signal sequence (residues 1-53), followed by an 
extracellular domain (residues 54-182), a transmembrane 
domain (residues 183-208), and an intracellular domain 
(residues 209-41 1) (Fig. 2A; SEQ ID NO:l). N-terminal 
amino acid seouence analvsis of Ano-2-Tf?Cr exnressed in 
293 cells showed that the mature polypeptide starts at amino 
acid residue 54, indicating that the actual signal sequence 
comprises residues 1-53." ADE-34, P. 65, 1L 9-24. 

"(The Apo-2 ECD construct included residues 183 and 184 
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shown in Figure. 1 to provide flexibility at the junction, 
even though residues 1 83 and 184 are predicted to be in the 
transmembrane region)." ADE-34, P. 66, 11. 20-23. 



"A soluble Apo-2 ECD immunoadhesin construct was 
prepared. The Apo-2 ECD (amino acids 1-184 shown in 
Fig. 1) was fused to the hinge and Fc region of human 
immunoglobulin Gi heavy chain in pRK5 as described 
previously [Ashkenazi et al., Proc. Natl. Acad. ScL 
88:10535-10539 (1991)]. The immunoadhesin was 
expressed by transient transfection into human 293 cells and 
purified from cell supernatants by protein A affinity 
chromatography, as described by Ashkenazi et al., supra ." 
ADE-34, P. 66, 1. 33 - P. 67, 1. 2. 



"Balb/c mice (obtained from Charles River Laboratories) 
were immunized by injecting 0.5 .mu.g/50 .mu.l of an Apo- 
2 ECD immunoadhesin protein (diluted in MPL-TDM 
adjuvant purchased from Ribi Immunochemical Research 
Inc., Hamilton, MT) 1 1 times into each hind foot pad at 3-4 
day intervals. The Apo-2 ECD immunoadhesin protein was 
generated by fusing an extracellular domain sequence of 
Apo-2 (amino acids 1-184 shown in Fig. 1) to the hinge and 
Fc region of human immunoglobulin Gi heavy chain in 
pRK5 as described previously [Ashkenazi et al., Proc. Natl. 
Acad. Sci. , 88:10535-10539 (1991)]. The immunoadhesin 
protein was expressed by transient transfection into human 
293 cells and purified from cell supernatants by protein A 
affinity chromatography, as described by Ashkenazi et al., 
supra (See also Example 2B above)." ADE-34, P. 74, 11. 4- 
16. 



"Figure 7 shows the FACS staining of 9D cells incubated 
with one of the Apo-2 antibodies, referred to as 3F1 1 .39.7. 
As shown in Figure 7, the 3F1 1.39.7 antibody recognizes 
the Apo-2 receptor expressed in 9D cells." ADE-34, P. 76, 
11. 1-4. 



"The results are shown in FIG. 1 1 . The Apo-2 antibody 
3F1 1.39.7 bound to Apo-2. The 3F1 1.39.7 antibody also 
showed some cross-reactivity to DR4, but not to DcRl or 
DcR2." ADE-34, P. 78, 11. 12-14. 

"A phage library was selected using soluble biotinylated 
H-15 
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(b) induces apoptosis in at least 
one type of mammalian cancer 
cell in vivo or ex vivo. 


antigen and streptavidin-coated paramagnetic beads. The 
antigen, an Apo-2 ECD immunoadhesin prepared as 
described in Example 2B above, was biotinylated using 
IMMUNOPURE NHS-biotin (biotiny-N-hydroxy- 
succinimide, Pierce) according to manufacturer's 
instructions." ADE-34, P. 79, 1L 5-10. 

"To evaluate the specificity of each of the scFv clones, 
ELISA assays were performed to evaluate binding of 16E2, 
20E6 and 24C4 to Apo-2 ECD-Ig, DR4-Ig, DcRl-Ig, DcR2- 
Ig and CD4-Ig (described above and in Example 12)." 
ADE-34, P. 83, L 35 - P. 84, L 2. 

"As illustrated in Figures 12 A, 12B and 12C, the ELISA 
assays showed that each of these antibodies exhibited a 
relatively high degree of specificity for Apo-2." P. 84, Ins. 
23-25. 

"The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be 
employed to activate or stimulate apoptosis in cancer cells. 
Accordingly, the invention provides methods for treating 
cancer using such Apo-2 antibodies." ADE-34, P. 59, 11. 2- 
6. 

"As shown in Figure 8, the 3F1 1 .39.7 antibody (in the 
absence of the goat anti-mouse IgG Fc) induced apoptosis 
in the 9D cells as compared to the control antibodies. 
Agonistic activity, however, was enhanced by Apo-2 
receptor cross-linking in the presence of the goat anti-mouse 
IgG Fc (see Figure 9). This enhanced apoptosis (Figure 9) 
by the combination of antibodies is comparable to the 
apoptotic activity of Apo-2L in 9D cells (data not shown)." 
ADE-34, P. 76, 11. 28-35. 

"Purified scFv antibodies (as described in Example 14 
above) were tested for ability to induce Apo-2 mediated 
annnto<5i<? " ADF-14 P 85 11 11-14 

"As shown in Figures 13C and 14B, the 16E2 and 20E6 
antibodies agonistically induced apoptosis in SK-MES-1 
cells." ADE-34, P. 86, 11. 13-14. 
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"In addition to the annexin V-biotin/streptavidin-[S-35] 
assay described above, scFv antibodies (as described in 
Example 14 above) were tested for activity to induce Apo-2 
mediated apoptosis via assays utilizing crystal violet." 
ADE-34, P. 86, 11. 17-20. 

"As shown in Figures 13A 5 13B, 14A and 14B, the 16E2 
and 20E6 antibodies agonistically induced apoptosis in SK- 
MES-1 cells." ADE-34, P. 87, 11. 15-16. 

"A purified gD-tagged form of 16E2 scFv was tested for 
ability to induce Apo-2 mediated apoptosis in a crystal 
violet assay as described in Example 15 above." ADE-34, 
P. 87, 11. 22-24. 

"The apoptosis assay was performed essentially as 
described in Example 15(B) above except that samples were 
serially diluted 1 :3 in the plates and the 16E2-gD tagged 
antibody was tested in addition to two other preparations of 
16E2 scFv (referred to as Prep. A and Prep. B in Figure 
14C). The results of the assay showing apoptosis induction 
in SK-MES-1 cells by 16E2-gD antibody are illustrated in 
Figure 14C." ADE-34, P. 88, 11. 30-36. 
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65. A method of inducing 
apoptosis in mammalian cancer 
cells comprising 


466 Biologically active' and 'desired biological activity' for 
the purposes herein means (1) having the ability to 
modulate apoptosis (either in an agonistic or stimulating 
manner or in an antagonistic or blocking manner) in at least 
one type of mammalian cell in vivo or ex vivo; (2) having 
the ability to bind Apo-2 ligand; or (3) having the ability to 
modulate Apo-2 ligand signaling and Apo-2 ligand 
activity;' ADE-35, P. 18, 11. 18-24. 

"The terms 'apoptosis' and 'apoptotic activity' are used in a 
broad sense and refer to the orderly or controlled form of 
cell death in mammals that is typically accompanied by one 
or more characteristic cell changes, including condensation 
of cytoplasm, loss of plasma membrane microvilli, 
segmentation of the nucleus, degradation of chromosomal 
DNA or loss of mitochondrial function. This activity can be 
determined and measured, for instance, by cell viability 
assays, FACS analysis or DNA electrophoresis, all of which 
are known in the art." ADE-35, P. 18, 11. 25-33. 

"The terms 'cancer' and 'cancerous' refer to or describe the 
physiological condition in mammals that is typically 
characterized by unregulated cell growth. Examples of 
cancer include but are not limited to, carcinoma, lymphoma, 
blastoma, sarcoma, and leukemia. More particular examples 
of such cancers include squamous cell cancer, small-cell 
lung cancer, non-small cell lung cancer, blastoma, 
gastrointestinal cancer, renal cancer, pancreatic cancer, 
glioblastoma, neuroblastoma, cervical cancer, ovarian 
cancer, liver cancer, stomach cancer, bladder cancer, 
hepatoma, breast cancer, colon cancer, colorectal cancer, 
endometrial carcinoma, salivary gland carcinoma, kidney 
cancer, liver cancer, prostate cancer, vulval cancer, thyroid 
cancer, hepatic carcinoma and various types of head and 
neck cancer." ADE-35, P. 18, 1. 37 - P. 19, 1. 10. 

"The term 'mammal' as used herein refers to any mammal 
classified as a mammal, including humans, cows, horses, 
dogs and cats. In a preferred embodiment of the invention, 
the mammal is a human." ADE-35, P. 19, 11. 11-14. 

"Apo-2, as disclosed in the present specification, can be 
employed therapeutically to induce apoptosis in mammalian 
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exposing mammalian cancer cells 
to an effective amount of an Apo- 
2 agonist monoclonal antibody 
which 


cells. This therapy can be accomplished for instance, using 
in vivo or ex vivo gene therapy techniques and includes the 
use of the death domain sequences disclosed herein. The 
Apo-2 chimeric molecules (including the chimeric 
molecules containing an extracellular domain sequence of 
Apo-2) comprising immunoglobulin sequences can also be 
employed therapeutically to inhibit apoptosis or NF-kB 
induction by Apo-2L or by another ligand that Apo-2 binds 
to." ADE-35, P. 45, 11. 8-16. 

"The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be 
employed to activate or stimulate apoptosis in cancer cells. 
Accordingly, the invention provides methods for treating 
cancer using such Apo-2 antibodies." ADE-35, P. 59, 11. 2- 
6. 

"Following administration of agonist to the mammal, the 
mammal's cancer and physiological condition can be 
monitored in various ways well known to the skilled 
practitioner. For instance, tumor mass may be observed 
physically or by standard x-ray imaging techniques." ADE- 
35, P. 60, 11. 27-31. 

"In another embodiment, the invention provides an antibody 
which specifically binds to Apo-2. The antibody may be an 
agonistic, antagonistic or neutralizing antibody. Single- 
chain antibodies and dimeric molecules, in particular 
homodimeric molecules, comprising Apo-2 antibody are 
also provided." ADE-35, P. 9, 11. 35-39. 

"A further embodiment of the invention provides articles of 
manufacture and kits that include Apo-2 or Apo-2 
antibodies." ADE-35, P. 10, 11. 3-4. 

"Figure 7 shows the FACS analysis of an Apo-2 antibody, 
3F1 1 .39.7 (illustrated by the bold lines) as compared to IgG 
controls f dotted lines^ The 3F1 1 39 7 antihodv recopni7ed 
the Apo-2 receptor expressed in human 9D cells. 

Figure 8 is a graph showing percent (%) apoptosis 
induced in 9D cells by Apo-2 antibody 3F1 1.39.7, in the 
absence of goat anti-mouse IgG Fc. 

Figure 9 is a bar diagram showing percent (%) apoptosis, 
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as compared to Apo-2L, in 9D cells by Apo-2 antibody 
3F1 1.39.7 in the presence or absence of goat anti-mouse 
IgG Fc." ADE-35, P. 11, 11. 13-22. 

"Figure 1 1 is a graph showing results of an ELISA testing 
binding of Apo-2 antibody 3F1 1.39.7 to Apo-2 and to other 
known Apo-2L receptors referred to as DR4, DcRl, and 
DcR2. 

Figure 12A is a graph showing the results of an ELISA 
assay evaluating binding of the 16E2 antibody to Apo-2, 
DR4, DcRl, DcR2 and CD4-Ig. 

Figure 12B is a graph showing the results of an ELISA 
assay evaluating binding of the 20E6 antibody to Apo-2, 
DR4, DcRl , DcR2 and CD4-Ig. 

Figure 12C is a graph showing the results of an ELISA 
assay evaluating binding of the 24C4 antibody to Apo-2, 
DR4, DcRl , DcR2 and CD4-Ig. 

Figure 13A is a graph showing agonistic activity of the 
16E2 antibody, as compared to Apo-2L, in an apoptosis 
assay (crystal violet stain) using SK-MES-1 cells. 

Figure 13B is a bar diagram showing agonistic activity of 
the 16E2 antibody, as compared to 7D5 scFv antibody (an 
anti-tissue factor antibody), in an apoptosis assay (crystal 
violet stain) using SK-MES-1 cells. 

Figure 13C is a bar diagram showing agonistic activity of 
the 16E2 antibody, as compared to 7D5 scFv antibody, in an 
apoptosis assay (annexin V-biotin/streptavidin-[S 35 ]) using 
SK-MES-1 cells. 

Figure 14A is a graph showing agonistic activity of the 
20E6 antibody, as compared to Apo-2L, in an apoptosis 
assay (crystal violet stain) using SK-MES-1 cells. 

Figure 14B is a graph showing agonistic activity of the 
20E6 antibody by a comparison between results obtained in 
the crystal violet and annexin V-biotin/streptavidin-[S 35 ] 
apoptosis assays. 

Figure 14C is a graph showing agonistic activity of gD- 
tagged 1 6E2 antibody, as compared to Apo-2L, in an 
apoptosis assay (crystal violet stain) using SK-MES-1 
cells" ADE-35 P 11 1 26 to P 12 1 21 

"The term 'antibody' is used in the broadest sense and 
specifically covers anti- Apo-2 monoclonal antibodies 
(including agonist, antagonist, and blocking or neutralizing 
antibodies) and anti-Apo-2 antibody compositions with 
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polyepitopic specificity. 

The term 'monoclonal antibody' as used herein refers to 
an antibody obtained from a population of substantially 
homogeneous antibodies, i.e., the individual antibodies 
comprising the population are identical except for possible 
naturally-occurring mutations that may be present in minor 
amounts. Monoclonal antibodies are highly specific, being 
directed against a single antigenic site. Furthermore, in 
contrast to conventional (polyclonal) antibody preparations 
which typically include different antibodies directed against 
different determinants (epitopes), each monoclonal antibody 
is directed against a single determinant on the antigen. 

The monoclonal antibodies herein include hybrid and 
recombinant antibodies produced by splicing a variable 
(including hypervariable) domain of an anti-Apo-2 antibody 
with a constant domain, or a light chain with a heavy chain, 
or a chain from one species with a chain from another 
species, or fusions with heterologous proteins, regardless of 
species of origin or immunoglobulin class or subclass 
designation, as well as antibody fragments (e.g., Fab, 
F(ab')2, and Fv), so long as they exhibit the desired 
biological activity. See, e.g. U.S. Pat. No. 4,816,567 and 
Mage et al., in Monoclonal Antibody Production 
Techniques and Applications, pp. 79-97 (Marcel Dekker, 
Inc.: New York, 1987). 

Thus, the modifier 'monoclonal' indicates the character 
of the antibody as being obtained from a substantially 
homogeneous population of antibodies, and is not to be 
construed as requiring production of the antibody by any 
particular method. For example, the monoclonal antibodies 
to be used in accordance with the present invention may be 
made by the hybridoma method first described by Kohler 
and Milstein, Nature, 256:495 ( 1 975), or may be made bv 
recombinant DNA methods such as described in U.S. Pat. 
No. 4,816,567. The 'monoclonal antibodies' may also be 
isolated from phage libraries generated using the techniques 
described in McCaffertv et al.. Nature, 348:552-554 (1990), 
for example. 

oiiigic-uiicuii rv ui otr v cuuiuuuy iiaginciiio vxjiiipiioc 
the V H and Vl domains of antibody, wherein these domains 
are present in a single polypeptide chain. Generally, the Fv 
polypeptide further comprises a polypeptide linker between 
the Vh and Vl domains which enables the scFv to form the 
desired structure for antigen binding. For a review of scFv 
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see, e.e., Pluckthun, The Pharmacology of Monoclonal 
Antibodies, vol. 113, Rosenburg and Moore eds. Springer- 
Verlag, New York, pp. 269-315 (1994). The scFv antibody 
fragments of the present invention include but are not 
limited to the 16E2, 20E6 and 24C4 antibodies described in 
detail below. Within the scope of the scFv antibodies of the 
invention are scFv antibodies comprising VH and VL 
domains that include one or more of the CDR regions 
identified for the 16E2, 20E6 and 24C4 antibodies. 

'Humanized 5 forms of non-human (e.g. murine) 
antibodies are specific chimeric immunoglobulins, 
immunoglobulin chains, or fragments thereof (such as Fv, 
Fab, Fab', F(ab')2 or other antigen-binding subsequences of 
antibodies) which contain minimal sequence derived from 
non-human immunoglobulin. For the most part, humanized 
antibodies are human immunoglobulins (recipient antibody) 
in which residues from a complementary determining 
region (CDR) of the recipient are replaced by residues from 
a CDR of a non-human species (donor antibody) such as 
mouse, rat, or rabbit having the desired specificity, affinity, 
and capacity. In some instances, Fv framework region (FR) 
residues of the human immunoglobulin are replaced by 
corresponding non-human residues. Furthermore, the 
humanized antibody may comprise residues which are 
found neither in the recipient antibody nor in the imported 
CDR or framework sequences. These modifications are 
made to further refine and optimize antibody performance. 
In general, the humanized antibody will comprise 
substantially all of at least one, and typically two, variable 
domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human 
immunoglobulin and all or substantially all of the FR 
regions are those of a human immunoglobulin consensus 
sequence. The humanized antibody optimally also will 
comprise at least a portion of an immunoglobulin constant 
region or domain (Fc), typically that of a human 
immunoglobulin." ADE-35, P. 16, 1. 21 - P. 18, L 17. 

"The present invention provides newly identified and 
isolated Apo-2 polypeptides and Apo-2 antibodies. In 
particular, Applicants have identified and isolated various 
human Apo-2 polypeptides. The properties and 
characteristics of some of these Apo-2 polypeptides and 
anti-Apo-2 antibodies are described in further detail in the 
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Examples below." ADE-35, P. 19, 11. 17-22. 

"A description follows as to how Apo-2, as well as Apo-2 
chimeric molecules and anti-Apo-2 antibodies, may be 
prepared." ADE-35, P. 19, 11. 26-27. 

"Preferably, the Ig is a human immunoglobulin when the 
chimeric molecule is intended for in vivo therapy for 
humans." ADE-35, P. 44, 11. 21-22. 



"Apo-2 preparations are also useful in generating 
antibodies. . ." ADE-35, P. 45, 11. 28-29. 



"Modified forms of the Apo-2, such as the Apo-2-IgG 
chimeric molecules (immunoadhesins) described above, can 
be used as immunogens in producing anti-Apo-2 
antibodies." ADE-35, P. 45, 11. 35-37. 



"The present invention further provides anti-Apo-2 
antibodies. Antibodies against Apo-2 may be prepared as 
follows. Exemplary antibodies include polyclonal, 
monoclonal, humanized, bispecific, and heteroconjugate 
antibodies." ADE-35, P. 47, 11. 25-28. 



"The Apo-2 antibodies may, alternatively, be monoclonal 
antibodies. Monoclonal antibodies may be prepared using 
hybridoma methods, such as those described by Kohler and 
Milstein, supra . In a hybridoma method, a mouse, hamster, 
or other appropriate host animal, is typically immunized 
(such as described above) with an immunizing agent to 
elicit lymphocytes that produce or are capable of producing 
antibodies that will specifically bind to the immunizing 
agent. Alternatively, the lymphocytes may be immunized in 
vitro" ADE-35, P. 48, 11. 16-24. 



"The immunizing agent will typically include the Apo-2 
polypeptide or a fusion protein thereof. An example of a 
suitable immunizing agent is an Apo-2-IgG fusion protein 
or chimeric molecule. A specific example of an Apo-2 
ECD-IgG immunogen is described in Example 9 below." 
ADE-35, P. 48, 11. 25-29. 

"The monoclonal antibodies may also be made by 
recombinant DNA methods, such as those described in U.S. 
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Patent No. 4,816,567. DNA encoding the monoclonal 
antibodies of the invention can be readily isolated and 
sequenced using conventional procedures (e.g., by using 
oligonucleotide probes that are capable of binding 
specifically to genes encoding the heavy and light chains of 
murine antibodies)." ADE-35, P. 50, 11. 3-9. 

"As described in the Examples below, anti-Apo-2 
monoclonal antibodies have been prepared. One of these 
antibodies, 3F1 1 .39.7, has been deposited with ATCC and 
has been assigned deposit accession no. HB- 12456. In one 
embodiment, the monoclonal antibodies of the invention 
will have the same biological characteristics as the 
monoclonal antibodies secreted by the hybridoma cell 
line(s) deposited under Accession No. HB-12456. The term 
'biological characteristics' is used to refer to the in vitro 
and/or in vivo activities or properties of the monoclonal 
antibody, such as the ability to specifically bind to Apo-2 or 
to substantially block, induce or enhance Apo-2 activation. 
As disclosed in the present specification, the 3F1 1 .39.7 
monoclonal antibody (HB-12456) is characterized as having 
agonistic activity for inducing apoptosis, binding to the 
Apo-2 receptor, having blocking activity as described in the 
Examples below, and having some cross-reactivity to DR4 
but not to DcRl or DcR2. Optionally, the monoclonal 
antibody will bind to the same epitope as the 3F1 1 .39.7 
antibody disclosed herein. This can be determined by 
conducting various assays, such as described herein and in 
the Examples. For instance, to determine whether a 
monoclonal antibody has the same specificity as the 
3F1 1 .39.7 antibody specifically disclosed, one can compare 
activity in Apo-2 blocking and apoptosis induction assays, 
such as those described in the Examples below." ADE-35, 
P. 50, L 25 - P. 51, 1. 8. 

"The antibodies of the invention may also comprise 
monovalent antibodies. Methods for preparing monovalent 
antibodies are well known in the art." ADE-35, P. 51, 11. 9- 
11. 

"The Apo-2 antibodies of the invention may further 
comprise humanized antibodies or human antibodies." 
ADE-35, P. 52, 11. 2-3. 
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"Methods for humanizing non-human antibodies are well 
known in the art." ADE-35, P. 52, 11. 28-29. 

"The choice of human variable domains, both light and 
heavy, to be used in making the humanized antibodies is 
very important in order to reduce antigenicity. According to 
the 'best-fit' method, the sequence of the variable domain of 
a rodent antibody is screened against the entire library of 
known human variable domain sequences. The human 
sequence which is closest to that of the rodent is then 
accepted as the human framework (FR) for the humanized 
antibodv [Sims et aL J. Immunol., 151:2296 (1993); 
Chothia and Lesk, J. Mol. Biol., 196:901 (1987)]." ADE- 
35, P.53, 11. 7-15. 

"It is further important that antibodies be humanized with 
retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a 
process of analysis of the parental sequences and various 
conceptual humanized products using three dimensional 
models of the parental and humanized sequences. Three 
dimensional immunoglobulin models are commonly 
available and are familiar to those skilled in the art." ADE- 
35, P. 53, 11. 21-28. 

"As described in the Examples below, anti-Apo-2 single- 
chain Fv (scFv) antibodies have been identified using a 
phage display library. Three of these antibodies, referred to 
herein as 16E2, 24C4 and 20E6, have been sequenced and 
characterized. The respective DNA and amino acid 
sequences and complementarity determining regions of 
these antibodies are shown in Figures 15A-15C and 16. In 
one embodiment of the invention, scFv Apo-2 antibodies 
will have the same biological characteristics as the 16E2, 
24C4 or 20E6 antibodies identified herein. The term 
'biological characteristics' is used to refer to the in vitro 
and/or in vivo activities or properties of the scFv antibody, 
such as the abilitv to snecificallv bind to Ano-2 or to 
substantially induce or enhance Apo-2 activation. As 
disclosed in the present specification, the 16E2, 24C4 and 
20E6 antibodies are characterized as binding to Apo-2, 
having agonistic activity for inducing apoptosis, and having 
no cross-reactivity to DR4 or several of the other known 
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molecules recognized by the Apo-2 ligand. Optionally, the 
scFv Apo-2 antibody will bind to the same epitope or 
epitopes recognized by the 16E2, 24C4 or 20E6 antibodies 
disclosed herein. This can be determined by conducting 
various assays, such as described herein and in the 
Examples. For instance, to determine whether a scFv 
antibody has the same specificity as the 16E2, 24C4 or 
20E6 antibodies specifically disclosed, one can compare 
activity in apoptosis induction assays, such as those 
described in the Examples below." ADE-35, P. 54, 1. 31 - 
P. 55, 1. 16. 

"Optionally the scFv antibodies to Apo-2 may include 
antibodies which contain a VH and VL chain that include 
one or more complementarity determining region (CDR) 
amino acid sequences identified in Figure 16 for the 16E2, 
20E6, or 24C4 antibodies." ADE-35, P. 55, 11. 17-20. 

"Bispecific antibodies are monoclonal, preferably human or 
humanized, antibodies that have binding specificities for at 
least two different antigens. In the present case, one of the 
binding specificities is for the Apo-2, the other one is for 
any other antigen, and preferably for a cell-surface protein 
or receptor or receptor subunit. 

Methods for making bispecific antibodies are known in 
the art;' ADE-35, P. 55, 11. 23-30. 

"Other modifications of the Apo-2 antibodies are 
contemplated. For example, it may be desirable to modify 
the antibodies of the invention with respect to effector 
function, so as to enhance the therapeutic effectiveness of 
the antibodies." ADE-35, P. 57, 11. 16-19. 

"The agonist is preferably administered to the mammal in a 
carrier. Suitable carriers and their formulations are 
described in Remington's Pharmaceutical Sciences , 16th 
ed., 1980, Mack Publishing Co., edited by Oslo et al. 
Typically, an appropriate amount of a pharmaceutically- 
acceptable salt is used in the formulation to render the 
formulation isotonic. Examples of a pharmaceutically- 
acceptable carrier include saline, Ringer's solution and 
dextrose solution. The pH of the solution is preferably from 
about 5 to about 8, and more preferably from about 7 to 
about 7.5. Further carriers include sustained release 



1-9 



APPENDIX I 

USSN 10/052,798 



Proposed Count 


Support in Applicants' 10/052,798 Specification 




preparations such as semipermeable matrices of solid 
hydrophobic polymers containing the agonist, which 
matrices are in the form of shaped articles, e.g., films, 
liposomes or microparticles. It will be apparent to those 
persons skilled in the art that certain carriers may be more 
preferable depending upon, for instance, the route of 
administration and concentration of agonist being 
administered." ADE-35, P. 59, 11. 9-25. 

"The agonist antibody can be administered to the mammal 
by injection (e.g., intravenous, intraperitoneal, 
subcutaneous, intramuscular), or by other methods such as 
infusion that ensure its delivery to the bloodstream in an 
effective form. The agonist may also be administered by 
intratumoral, peritumoral, intralesional, or perilesional 
routes, to exert local as well as systemic therapeutic effects. 
Local or intravenous injection is preferred." ADE-35, P. 
59, 11. 26-33. 

"Effective dosages and schedules for administering the 
agonist antibody may be determined empirically, and 
making such determinations is within the skill in the art. 
Those skilled in the art will understand that the dosage of 
agonist that must be administered will vary depending on, 
for example, the mammal which will receive the agonist, 
the route of administration, the particular type of agonist 
used and other drugs being administered to the mammal. 
Guidance in selecting appropriate doses for antibody 
agonists is found in the literature on therapeutic uses of 
antibodies, e.g., Handbook of Monoclonal Antibodies. 
Ferrone et al, eds., Noges Publications, Park Ridge, N.J., 
(1985) ch. 22 and pp. 303-357; Smith et al.. Antibodies in 
Human Diagnosis and Therapv, Haber et al., eds.. Raven 
Press, New York (1977) pp. 365-389. A typical daily 
dosage of the agonist used alone might range from about 1 
Hg/kg to up to 100 mg/kg of body weight or more per day, 
depending on the factors mentioned above." ADE-35, P. 
59, 1. 34 - P. 60, 1. 10. 

"The agonist antibody may also be administered to the 
mammal in combination with effective amounts of one or 
more other therapeutic agents or in conjunction with 
radiation treatment. Therapeutic agents contemplated 
include chemotherapeutics as well as immunoadjuvants and 
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cytokines. Chemotherapies contemplated by the invention 
include chemical substances or drugs which are known in 
the art and are commercially available, such as 
Doxorubicin, 5-Fluorouracil, Cytosine arabinoside ("Ara- 
C"), Cyclophosphamide, Thiotepa, Busulfan, Cytoxin, 
Taxol, Methotrexate, Cisplatin, Melphalan, Vinblastine and 
Carboplatin. The agonist may be administered sequentially 
or concurrently with the one or more other therapeutic 
agents. The amounts of agonist and therapeutic agent 
depend, for example, on what type of drugs are used, the 
cancer being treated, and the scheduling and routes of 
administration but would generally be less than if each were 
used individually." ADE-35, P. 60, 11. 11-26. 

"Following administration of agonist to the mammal, the 
mammal's cancer and physiological condition can be 
monitored in various ways well known to the skilled 
practitioner. For instance, tumor mass may be observed 
physically or by standard x-ray imaging techniques." ADE- 
35, P. 60, 11. 27-31. 



"The Apo-2 antibodies of the invention may also be useful 
in enhancing immune-mediated cell death in cells 
expressing Apo-2, for instance, through complement 
fixation or ADCC." ADE-35, P. 60, 11. 32-34. 



"In a further embodiment of the invention, there are 
provided articles of manufacture and kits containing Apo-2 
or Apo-2 antibodies which can be used, for instance, for the 
therapeutic or non-therapeutic applications described 
above." ADE-35, P. 61, 1. 37 - P. 62, L 1. 



"Balb/c mice (obtained from Charles River Laboratories) 
were immunized by injecting 0.5|ig/50|il of an Apo-2 ECD 
immunoadhesin protein (diluted in MPL-TDM adjuvant 
purchased from Ribi Immunochemical Research Inc., 
Hamilton, MT) 1 1 times into each hind foot pad at 3-4 day 
intervals. The Apo-2 ECD immunoadhesin protein was 
generated by fusing an extracellular domain sequence of 
Apo-2 (amino acids 1-184 shown in Fig. 1) to the hinge and 
Fc region of human immunoglobulin Gi heavy chain in 
pRK5 as described previously [Ashkenazi et al., Proc. Natl. 
Acad. ScL 88:10535-10539 (1991)]." ADE-35, P. 74, 11. 4- 
12. 
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"Of the hybridoma supernatants screened in the ELISA, 22 
supernatants tested positive (calculated as approximately 4 
times above background). The supernatants testing positive 
in the ELISA were further analyzed by FACS analysis using 
9D cells (a human B lymphoid cell line expressing Apo-2; 
Genentech, Inc.) and FITC-conjugated goat anti-mouse 
IgG." ADE-35, P. 75, 11. 22-27. 

"FACS analysis showed 8/22 supernatants were positive for 
anti-Apo-2 antibodies." ADE-35, P. 75, 11. 36-37. 

"Figure 7 shows the FACS staining of 9D cells incubated 
with one of the Apo-2 antibodies, referred to as 3F1 1 .39.7. 
As shown in Figure 7, the 3F1 1.39.7 antibody recognizes 
the Apo-2 receptor expressed in 9D cells." ADE-35, P. 76, 
11. 1-4. 



"Hybridoma supernatants and purified antibodies (as 
described in Example 9 above) were tested for activity to 
induce Apo-2 mediated 9D cell apoptosis." ADE-35, P. 76, 
11.11-13. 



"As shown in Figure 8, the 3F1 1 .39.7 antibody (in the 
absence of the goat anti-mouse IgG Fc) induced apoptosis 
in the 9D cells as compared to the control antibodies. 
Agonistic activity, however, was enhanced by Apo-2 
receptor cross-linking in the presence of the goat anti-mouse 
IgG Fc (see Figure 9). This enhanced apoptosis (Figure 9) 
by the combination of antibodies is .comparable to the 
apoptotic activity of Apo-2L in 9D cells (data not shown)." 
ADE-35, P. 76, 11. 28-35. 

"The results are shown in FIG. 1 1 . The Apo-2 antibody 
3F1 1.39.7 bound to Apo-2. The 3F1 1.39.7 antibody also 
showed some cross-reactivity to DR4, but not to DcRl or 
DcR2." ADE-35, P. 78, 11. 12-14. 

"Purified scFv antibodies (as described in Example 14 
above) were tested for ability to induce Apo-2 mediated 
apoptosis." ADE-35, P. 85, 11. 13-14. 

"As shown in Figures 13C and 14B, the 16E2 and 20E6 
antibodies agonistically induced apoptosis in SK-MES-1 
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(a) binds to a soluble extracellular 
domain sequence of an Apo-2 
polypeptide consisting of amino 
acids 54 to 182 of SEQ ID NO:l 
and 



cells." ADE-35, P. 86, 11. 13-14. 

"In addition to the annexin V-biotin/streptavidin-[S-35] 
assay described above, scFv antibodies (as described in 
Example 14 above) were tested for activity to induce Apo-2 
mediated apoptosis via assays utilizing crystal violet." 
ADE-35, P. 86, 11. 17-20. 

"As shown in Figures 13 A, 13B, 14A and 14B, the 16E2 
and 20E6 antibodies agonistically induced apoptosis in SK- 
MES-1 cells." ADE-35, P. 87, 11. 15-16. 

"A purified gD-tagged form of 16E2 scFv was tested for 
ability to induce Apo-2 mediated apoptosis in a crystal 
violet assay as described in Example 1 5 above." ADE-35, 
P. 87, 11. 22-24. 

"The apoptosis assay was performed essentially as 
described in Example 15(B) above except that samples were 
serially diluted 1:3 in the plates and the 16E2-gD tagged 
antibody was tested in addition to two other preparations of 
16E2 scFv (referred to as Prep. A and Prep. B in Figure 
14C). The results of the assay showing apoptosis induction 
in SK-MES-1 cells by 16E2-gD antibody are illustrated in 
Figure 14C." ADE-35, P. 88, 11. 30-36. 



"3F1 1.39.7 HB-12456 
ADE-35, P. 89, 11. 8-9. 



January 13, 1998' 



"In another embodiment, the invention provides an isolated 
extracellular domain (ECD) sequence of Apo-2. Optionally, 
the isolated extracellular domain sequence comprises amino 
acid residues 54 to 182 of Fig. 1 (SEQ ID NO:l)." ADE- 
35, P. 8, 11. 25-28. 

"FIG. 2A shows the derived amino acid sequence of a 
native sequence human Apo-2— the putative signal sequence 
is underlined, the putative transmembrane domain is boxed, 
and the putative death domain sequence is dash underlined. 
The cysteines of the two cysteine-rich domains are 
individually underlined." ADE-35, P. 10, 11. 10-14. 

"The 'Apo-2 extracellular domain' or ' Apo-2 ECD' refers 
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to a form of Apo-2 which is essentially free of the 
transmembrane and cytoplasmic domains of Apo-2. 
Ordinarily, Apo-2 ECD will have less than 1% of such 
transmembrane and/or cytoplasmic domains and preferably, 
will have less than 0.5% of such domains. Optionally, Apo- 
2 ECD will comprise amino acid residues 54 to 182 of Fig. 
1 (SEQ ID NO:l) or amino acid residues 1 to 182 of Fig. 1 
(SEQ ID NO:l)." ADE-35, P. 13, 11. 30-37. 

"In general, the signal sequence may be a component of the 
vector, or it may be a part of the Apo-2 DNA that is inserted 
into the vector. The heterologous signal sequence selected 
preferably is one that is recognized and processed (i.e., 
cleaved by a signal peptidase) by the host cell. . .In 
mammalian cell expression the native Apo-2 presequence 
that normally directs insertion of Apo-2 in the cell 
membrane of human cells in vivo is satisfactory, although 
other mammalian signal sequences may be used to direct 
secretion of the protein, such as signal sequences from 
secreted polypeptides of the same or related species, as well 
as viral secretory leaders, for example, the herpes simplex 
glycoprotein D signal." ADE-35, P. 22, 1. 29 - P. 23, 1. 10. 

"The entire nucleotide sequence of Apo-2 is shown in 
Figure 1 (SEQ ID NO:2). Clone 27868 (also referred to as 
pRK5-Apo-2 deposited as ATCC 209021, as indicated 
below) contains a single open reading frame with an 
apparent translational initiation site at nucleotide positions 
140-142 [Kozak et al., supra] and ending at the stop codon 
found at nucleotide positions 1373-1375 (Fig. 1; SEQ ID 
NO:2). The predicted polypeptide precursor is 41 1 amino 
acids long, a type I transmembrane protein, and has a 
calculated molecular weight of approximately 45 kDa. 
Hydropathy analysis (not shown) suggested the presence of 
a signal sequence (residues 1-53), followed by an 
extracellular domain (residues 54-182), a transmembrane 
domain (residues 183-208), and an intracellular domain 
(residues 209-41 1) (Fig. 2A; SEQ ID NO:l). N-terminal 

amitin arid ^pnnpnop analv^i^ nf* Ann-9-Tcrfr PYr»rp<s^pH in 
ciiiiniw civ-iu ovuuviivv audi y jio ui nuu z» itivj V/A.iji voavu 11 1 

293 cells showed that the mature polypeptide starts at amino 
acid residue 54, indicating that the actual signal sequence 
comprises residues 1-53." ADE-35, P. 65, 11. 9-24. 

"(The Apo-2 ECD construct included residues 183 and 184 
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shown in Figure. 1 to provide flexibility at the junction, 
even though residues 1 83 and 1 84 are predicted to be in the 
transmembrane region)." ADE-35, P. 66, 11. 20-23. 



"A soluble Apo-2 ECD immunoadhesin construct was 
prepared. The Apo-2 ECD (amino acids 1-184 shown in 
Fig. 1) was fused to the hinge and Fc region of human 
immunoglobulin G\ heavy chain in pRK5 as described 
previously [Ashkenazi et al., Proc. Natl. Acad. ScL 
88:10535-10539 (1991)]. The immunoadhesin was 
expressed by transient transfection into human 293 cells and 
purified from cell supernatants by protein A affinity 
chromatography, as described by Ashkenazi et al, supra ." 
ADE-35, P. 66, 1. 33 - P. 67, L 2. 



"Balb/c mice (obtained from Charles River Laboratories) 
were immunized by injecting 0.5 .mu.g/50 .mu.l of an Apo- 
2 ECD immunoadhesin protein (diluted in MPL-TDM 
adjuvant purchased from Ribi Immunochemical Research 
Inc., Hamilton, MT) 1 1 times into each hind foot pad at 3-4 
day intervals. The Apo-2 ECD immunoadhesin protein was 
generated by fusing an extracellular domain sequence of 
Apo-2 (amino acids 1-1 84 shown in Fig. 1) to the hinge and 
Fc region of human immunoglobulin Gj heavy chain in 
pRK5 as described previously [Ashkenazi et al., Proc. Natl. 
Acad. Sci. . 88:10535-10539 (1991)]. The immunoadhesin 
protein was expressed by transient transfection into human 
293 cells and purified from cell supernatants by protein A 
affinity chromatography, as described by Ashkenazi et al., 
supra (See also Example 2B above)." ADE-35, P. 74, 11. 4- 
16. 



"Figure 7 shows the FACS staining of 9D cells incubated 
with one of the Apo-2 antibodies, referred to as 3F1 1 .39.7. 
As shown in Figure 7, the 3F1 1 .39.7 antibody recognizes 
the Apo-2 receptor expressed in 9D cells." ADE-35, P. 76, 
11. 1-4. 

"The results are shown in FIG. 1 1 . The Apo-2 antibody 
3F1 1 .39.7 bound to Apo-2. The 3F1 1 .39.7 antibody also 
showed some cross-reactivity to DR4, but not to DcRl or 
DcR2." ADE-35, P. 78, 11. 12-14. 

"A phage library was selected using soluble biotinylated 
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(b) induces apoptosis in at least 
one type of mammalian cancer 
cell in vivo or ex vivo. 


antigen and streptavidin-coated paramagnetic beads. The 
antigen, an Apo-2 ECD immunoadhesin prepared as 
described in Example 2B above, was biotinylated using 
IMMUNOPURE NHS-biotin (biotiny-N-hydroxy- 
succinimide, Pierce) according to manufacturer's 
instructions." ADE-35, P. 79, 11. 5-10. 

"To evaluate the specificity of each of the scFv clones, 
ELISA assays were performed to evaluate binding of 16E2, 
20E6 and 24C4 to Apo-2 ECD-Ig 5 DR4-Ig, DcRl-Ig, DcR2- 
Ig and CD4-Ig (described above and in Example 12)." 
ADE-35, P. 83, 1. 35 - P. 84, 1. 2. 

"As illustrated in Figures 12A, 12B and 12C, the ELISA 
assays showed that each of these antibodies exhibited a 
relatively high degree of specificity for Apo-2." ADE-35, 
P. 84, 1L 23-25. 

"The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be 
employed to activate or stimulate apoptosis in cancer cells. 
Accordingly, the invention provides methods for treating 
cancer using such Apo-2 antibodies." ADE-35, P. 59, 11. 2- 
6. 

"As shown in Figure 8, the 3F1 1 .39.7 antibody (in the 
absence of the goat anti-mouse IgG Fc) induced apoptosis 
in the 9D cells as compared to the control antibodies. 
Agonistic activity, however, was enhanced by Apo-2 
receptor cross-linking in the presence of the goat anti-mouse 
IgG Fc (see Figure 9). This enhanced apoptosis (Figure 9) 
by the combination of antibodies is comparable to the 
apoptotic activity of Apo-2L in 9D cells (data not shown)." 
ADE-35, P. 76, 11. 28-35. 

"Purified scFv antibodies (as described in Example 14 
above) were tested for ability to induce Apo-2 mediated 
anontosis " ADE-35 P 85 11 13-14 

"As shown in Figures 13C and 14B, the 16E2 and 20E6 
antibodies agonistically induced apoptosis in SK-MES-1 
cells." ADE-35, P. 86, 11. 13-14. 
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"In addition to the annexin V-biotin/streptavidin-[S-35] 
assay described above, scFv antibodies (as described in 
Example 14 above) were tested for activity to induce Apo-2 
mediated apoptosis via assays utilizing crystal violet." 
ADE-35, P. 86, 11. 17-20. 

"As shown in Figures 13 A, 13B 5 14A and 14B, the 16E2 
and 20E6 antibodies agonistically induced apoptosis in SK- 
MES-1 cells." ADE-35, P. 87, 11. 15-16. 

"A purified gD-tagged form of 1 6E2 scFv was tested for 
ability to induce Apo-2 mediated apoptosis in a crystal 
violet assay as described in Example 15 above." ADE-35, 
P. 87, 11. 22-24. 

"The apoptosis assay was performed essentially as 
described in Example 15(B) above except that samples were 
serially diluted 1 :3 in the plates and the 16E2-gD tagged 
antibody was tested in addition to two other preparations of 
16E2 scFv (referred to as Prep. A and Prep. B in Figure 
14C). The results of the assay showing apoptosis induction 
in SK-MES-1 cells by 16E2-gD antibody are illustrated in 
Figure 14C." ADE-35, P. 88, 11. 30-36. 
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DECLARATION OF WILLIAM WOOD, Ph.D. 



I, William Wood, declare and state as follows: 
I. Introduction 

1 . I am a citizen of the United States and presently reside in Cupertino, CA. 

2. I received my Bachelor of Arts degree in Chemistry from Cornell University in 
1970. I received my Ph.D. from the Department of Biochemistry and Molecular Biology at 
Harvard University in 1977. 

3. I have been employed by Genentech Inc., South San Francisco, CA ("Genentech") 
since 1982. 

4. From 1 996 to 1 998, 1 was a Staff Scientist in the Molecular Biology Department 
at Genentech. 

5. My current title at Genentech is the Director of Bioinformatics. 

6. In this declaration, I provide a description of: 1) my involvement with receiving 
and managing access to an Incyte sequence database (LifeSeq™); and 2) my interactions with 
another Genentech scientist, Dr. Avi Ashkenazi, regarding two specific sequences obtained from 
the Incyte database. 

7. In this declaration, I refer to the following documents: 1) two e-mails that I 
received from Dr. Ashkenazi (ADE-7 and ADE-8) and 2) a printout of sequences for Incyte 
clones 2078364 and 1237537 (ADE-9). 

8. I understand that Genentech intends to file this declaration at the United States 
Patent and Trademark Office to establish activities that occurred prior to March 17, 1997 and up 
to May 15, 1997. I understand that March 17, 1997, is a date by which another company filed a 
patent application relating to the Apo-2 receptor (also known as DR5) and that May 15, 1997, is 
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the date on which Genentech filed a patent application relating to the Apo-2 receptor. Dates 
preceding March 17, 1997 on documents cited in this declaration have been redacted. 

II. The Incvte LifeSeq™ Database 

9. Prior to March 17, 1997, 1 was involved in acquiring Genentech' s rights to access 
Incyte' s LifeSeq™ sequence database. 

10. Prior to March 17, 1997, 1 was the person at Genentech primarily responsible for 
managing access to the Incyte database and maintaining records of sequences identified from the 
Incyte database (i.e., "banking" the sequences). 

III. Interactions with Dr. Ashkenazi Regarding Incvte Clones 2078364 and 1237537 

11. I recall informing Dr. Ashkenazi that the Incyte LifeSeq™ database had been 
successfully incorporated into Genentech's computer network and that it was available for 
searching. 

12. Prior to March 17, 1997, 1 granted Dr. Ashkenazi access to the Incyte LifeSeq™ 
database. 

13. Prior to March 17, 1997, 1 understood that Dr. Ashkenazi was searching for novel 
receptor molecules in the Tumor Necrosis Factor (TNF) family of receptors. I understood that 
Dr. Ashkenazi was searching for novel receptor sequences based on structural similarities to 
previously identified receptors in the TNF family (e.g., Apo-3 and Fas), including sequences for 
1) cysteine-rich regions in the extracellular domain, 2) a transmembrane domain; and 3) an 
intracellular region containing a death domain. 

14. I recall that prior to March 17, 1997, Dr. Ashkenazi searched the Incyte 
LifeSeq™ database and identified DNA sequences that he considered to be similar to the 
sequence of the Apo-3 receptor. 
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15. Specifically, prior to March 17, 1997, 1 received an e-mail from Dr. Ashkenazi 
relating to sequences from the Incyte database. A copy of the e-mail is marked as ADE-7. In 
this e-mail, Dr. Ashkenazi informed me that he planned to clone from "Cluster 75799" two 
Incyte sequences that were "homologous to the Apo-3 death domain." 

16. Prior to March 17, 1997, 1 responded to Dr. Ashkenazi's e-mail (ADE-7) and 
requested Dr. Ashkenazi to provide me the clone numbers corresponding to each of the 
sequences he intended to clone from Cluster 75799. (ADE-8) 

17. Prior to March 17, 1997, in response to my request for clone numbers, Dr. 
Ashkenazi sent me an e-mail identifying clones 2078364 and 1237537 as the sequences he 
planned to clone from Cluster 75799. A copy of this correspondence is marked as ADE-8. 

1 8. For record-keeping, after receiving Dr. Ashkenazi 5 s e-mails regarding Incyte 
clones 2078364 and 1237537 and prior to March 17, 1997, 1 accessed the Incyte LifeSeq™ 
database and retrieved the sequence data corresponding to Incyte clones 2078364 and 1237537. 
At that time, I stored a copy of these sequence data in an electronic folder that I created and 
designated for Incyte sequences identified by Genentech scientists. For the purpose of preparing 
this declaration, I printed from this electronic folder a copy of the sequence data for Incyte 
clones 2078364 and 1237537. A copy of this printout is marked as ADE-9. At the top of ADE- 
9, the directory information for the files is listed, including the creation dates which are prior to 
March 17, 1997. The content of the respective sequence files printed below the directory 
information appears as follows: 
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leu> pwd 

/home/ruby /va/Molbio/wiw/ incyte/gene6 
leu> Is -1 
total 24 

-rwxr-x 1 wiw Molbio 

-rwxr-x 1 wiw Molbio 

-rwxr-x 1 wiw Molbio 



297 
307 
342 



R 



SS.INC1237537* 
SS . INC2078364* 
ss . geneS . consensus* 



leu> more ss . * 



SS.INC1237537 



> 123 7537 LUNGTUTO 2 INCYTE 

CTTTGACTNCTGGGAGCCGCTCATGAGGAAGTTGGGCCTCATGGACAATGAGATAAAGGT 
GGCTAAAGCTGAGGCAGCGGGCCACAGGGACACCTTGTACACGNTGCTGATAAAGTGGGT 
CAACAAAACCGGGCGAGATGCCTCTGTCCACACCCTGCTGGATGCCTTGGAGACGCTGGG 
AGAGAGACTTGCCAAGCAGANGATTGNGGACCACTTGTTGNGCTCTGGAAAGTTCATGTA 
TCTNGAAGGTAATGCAGACT 



ss. INC2078364 



>2078364 ISLTNOT01 INCYTE 

TGCTGGTTCCAGCAAATGAAGGTGATCCCACTGAGACTCTGAGACAGTGCTTCGATGACT 
TTGCAGACTTGGTGCCCTTTGACTCCTGGGAGCCGCTCATGAGGAAGTTGGGCCTCATGG 
ACAATGAGATAAAGGTGGCTAAAGCTGAGGCAGCGGGCCACAGGGACACCTTGTACACGA 
TGCTGATAAAGTGGGTCAACAAAACCGGGCGAGATGCCTCTGTCCAAACCCTGCTGGATG 
CCTTGGAGACGCTGGGAGAGAGACTTGCCA 



ss ♦ gene6 . consensus 



TGCTGGTTCCAGCAAATGAAGGTGATCCCACTGAGACTCTGAGACAGTGCTTCGATGACT 
TTGCAGACTTGGTGCCCTTTGACTNCTGGGAGCCGCTCATGAGGAAGTTGGGCCTCATGG 
ACAATGAGATAAAGGTGGCTAAAGCTGAGGCAGCGGGCCACAGGGACACCTTGTACACGN 
TGCTGATAAAGTGGGTCAACAAAACCGGGCGAGATGCCTCTGTCCACACCCTGCTGGATG 
CCTTGGAGACGCTGGGAGAGAGACTTGCCAAGCAGANGATTGNGGACCACTTGTTGNGCT 
CTGGAAAGTTCATGTATCTNGAAGGTAATGCAGACT 



1 9. At the time of the above-identified e-mail correspondence between Dr. Ashkenazi 
and me (ADE-7 and ADE-8), I clearly understood Dr. Ashkenazi's objectives regarding newly 
identified receptor molecules in the TNF family. My office was in close proximity to Dr. 
Ashkenazi's office and we often discussed our respective research. Moreover, prior to March 
17, 1997, 1 assisted Dr. Ashkenazi with searches of other, publicly available, genomic databases 
to further Dr. Ashkenazi' s objective of identifying novel receptors in the TNF family. At that 
time, I understood that upon identifying a novel receptor sequence, Dr. Ashkenazi planned to 



leu> 
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conduct cloning and expression experiments as well as to prepare a fusion protein (Apo-2-IgG 
(immunoglobulin G)) to use in binding studies. Additionally, I understood that Dr. Ashkenazi 
planned to initiate experiments to prepare antibodies against the novel receptor, including the 
preparation of agonist antibodies that would specifically bind to the extracellular domain (amino 
acids 54 to 182) of the receptor, such as the Apo-2 receptor ultimately obtained using clones 
2078364 and 1237537, and that would induce apoptosis in a DR5-expressing cell. 

20. Specifically, prior to March 1 7, 1 997, 1 understood that Dr. Ashkenazi had 
contemplated a method of inducing apoptosis in a DR5-expressing cell which involved exposing 
the cell to an effective amount of an Apo-2 agonist monoclonal antibody which (a) binds to a 
soluble extracellular domain sequence (amino acids 54 to 1 82) of an Apo-2 polypeptide and (b) 
induces apoptosis in a DR5-expressing cell. 

IV. Conclusion 

21 . I declare further that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under section 1 001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of any 
patents issuing from the above-identified application. 



Date: 





William Wood, Ph.D. 
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DECLARATION OF DIANE MARSCHANG, ESQ. 

I 5 Diane Marschang, declare and state as follows: 

I. Introduction 

1 . In this declaration, I describe my recollections and activities involved with the 
preparation and filing of provisional application serial number 60/046,615, filed on May 15, 
1997 ("the '615 application"). My activities included generating drafts of the patent 
specification, coordinating the deposit of biological material with the ATCC, interacting with Dr. 
Ashkenazi to discuss the application, reviewing a manuscript provided to me by Dr. Ashkenazi 
corresponding to his work on the Apo-2 receptor, and filing the '615 patent application. 

2. In this declaration, I refer to the following documents: a draft patent application 
dated May 5, 1997 (ADE-10); a Research and Development Information Release Application 
(also referred to as a "blue sheet") received in the Genentech Legal Department on May 5, 1997 
(ADE-11); an Apo-2 related manuscript received in the Genentech Legal Department no later 
than May 5, 1997 (ADE-12); a draft patent application dated May 13, 1997 (ADE-13); papers 
filed with the ATCC depositing a plasmid containing the cDNA encoding the Apo-2 receptor 
dated May 7, 1997 (ADE-14); correspondence dated May 9, 1997 from the ATCC requesting 
additional information regarding the deposit of pRK5-Apo-2 (ADE-15); correspondence dated 
May 13, 1997 to the ATCC regarding the Apo-2 deposit (ADE-16); correspondence dated May 
15, 1997 from the ATCC confirming the Apo-2 deposit (ADE-17); and the specification of the 
'615 patent application, as filed on May 15, 1997 (ADE-18). 

II. Relevant Professional Background 

3. I am a citizen of the United States and presently reside in Edina, Minnesota. 
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4. I am a registered Patent Attorney before the United States Patent and Trademark 

Office. 

5. I am presently employed by Genentech Inc., South San Francisco, CA 
("Genentech") as Senior Patent Counsel. 

6. I began my employment with Genentech in 1994 as a patent attorney. My 
responsibilities included the preparation and prosecution of patent applications, as well as 
general client counseling activities. One technical area in which I oversaw intellectual property 
matters was the Tumor Necrosis Factor (TNF) family of ligands and receptors. 

III. Activities Relating to Apo-2 Receptor 

7. In the course of carrying out my responsibilities relating to the TNF family of 
ligands and receptors, I became familiar with work conducted by a Genentech scientist named 
Dr. Avi Ashkenazi. 

8. In 1997, 1 became aware of Dr. Ashkenazi's work relating to a TNF receptor 
designated as "the Apo-2 receptor." I do not presently recall the specific date on which I first 
became aware of Dr. Ashkenazi's Apo-2 work, but I believe it could have been as early as March 
or April of 1997. 

9. The earliest documentary evidence that I have located reflecting my interactions 
with Dr. Ashkenazi regarding the Apo-2 receptor work is dated May 5, 1997. 

10. On or about May 5, 1997, the Genentech Legal Department received a Research 
and Development Information Release Application (RDIRA) submitted by Dr. Ashkenazi. 
(ADE-11). The Genentech Legal Department date stamp of May 5, 1997 is located on the upper 
right corner of the front page of the RDIRA submitted by Dr. Ashkenazi. 
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1 1 . The RDIRA was an internal approval form used by Genentech scientists prior to 
submitting a manuscript to a journal or other outside entity for publication. 

12. The "Title of Report" line in section 1 of the RDIRA submitted by Dr. Ashkenazi 
reads "A Second Cell Death Receptor for the Cytokine Apo-2 Ligand." 

13. The "Proposed date of submission 5 ' line in section 1 of the RDIRA submitted by 
Dr. Ashkenazi reads "May 5, 1997." 

14. The "Author submitting for release" line in section 1 of the RDIRA submitted by 
Dr. Ashkenazi reads "Avi Ashkenazi." 

15. The "name of patent attorney/agent who should review this material" line in 
section 1 of the RDIRA submitted by Dr. Ashkenazi reads "Diane Marschang" and lists my 
telephone extension "x5416." 

1 6. In section 6 of the RDIRA submitted by Dr. Ashkenazi, I recommended that the 
manuscript be released, noting that a correction to page 6 of the manuscript had been 
communicated to Dr. Ashkenazi on May 6, 1997. On May 6, 1997, 1 signed and dated the 
RDIRA submitted by Dr. Ashkenazi. 

17. A copy of Dr. Ashkenazi' s manuscript titled "A Second Cell Death Receptor for 
the Cytokine Apo-2 Ligand" was attached to the RDIRA submitted by Dr. Ashkenazi. The 
manuscript has been marked as ADE-12. 

1 8. A draft of the '615 application (ADE-10) contains the following entry at the top 
of page 1 : "Draft # 1 - May 5, 1 997." This is a notation that I entered in the draft on May 5, 
1997, to reflect the date upon which I completed the first draft of the '615 application. The May 
5, 1997, draft is 68 pages in length, not including the six figures referenced therein. The first line 
in the top right corner of the first page of the May 5, 1997, '615 application draft reads 
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"PATENT DOCKET NO. PI 101 Based on the length and content of the May 5 5 1997, draft 
application, I believe that I began work on the draft application prior to May 5, 1997. 

19. In the course of preparing the '615 application, I coordinated the deposit of a 
construct containing the cDNA encoding the Apo-2 receptor with the American Type Culture 
Collection ("ATCC") in Rockville MD. 

20. ADE-14 contains a cover sheet titled "Shipping Form" and an attached form titled 
"American Type Culture Collection" and designated in the lower right corner "Form BP/1 ." 

21 . Item number 2 of the ATCC Form BP/1 identifies the deposited strain designation 
as "pRK5-Apo-2" reflecting my understanding that the material deposited with the ATCC was 
the Apo-2 construct. 

22. Item 19 of the ATCC Form BP/1 provides the additional comment to "Please 
refer to case no.: PI 101" which is the same as the PATENT DOCKET NO. listed at the top of 
the first page of the May 5, 1997, draft of the '615 application. 

23. The submission form was signed at the bottom by Janet Hasak on May 7, 1997. 
Janet Hasak was a patent attorney in the Genentech patent department. I also entered my 
handwritten initials next to the "Typed Name" entry at item 19. 

24. On May 9, 1997, 1 received a facsimile from Frank Simione of the ATCC, 
requesting that I provide additional information regarding the deposit of pRK5-Apo2 with 
reference to case number PI 101 . The date of May 9, 1997 is reflected at the bottom of the letter 
by the facsimile date stamp. (ADE-15). 

25. On May 13,1 997, 1 responded to the May 9, 1 997, ATCC letter and advised the 
ATCC that the source of the Apo-2 DNA is human and that the pRK5 plasmid was derived from 
E. coli. (ADE-16). 
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26. ADE-13 is a subsequent draft of the '615 application that I prepared. 

27. The following entry is at the top of page 1 of ADE-13 "Draft #2 - May 1 3 3 1997 " 
This is a notation that I entered in the draft on May 13, 1997, to reflect the date upon which I 
completed the second draft of the '615 application. The May 13, 1997, draft is 74 pages in 
length, not including the six figures referenced therein. The first line in the top right corner of the 
first page of the May 13, 1997, '615 application draft reads "PATENT DOCKET NO. PI 101." 

28. I received a letter dated May 15, 1997, by facsimile on May 16, 1997, from 
Barbara Hailey, the ATCC administrator of the ATCC Patent Depository, which confirmed the 
May 8, 1997, deposit date of the pRK5-Apo-2 construct. (ADE-17). 

IV. Filing of the '615 Application 

29. On May 15, 1997, 1 filed the '615 application with the United States Patent and 
Trademark Office. (ADE-18). 

V. Conclusion 

30. I declare further that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under section 1001 of Title 1 8 of the 
United States Code, and that such willful false statements may jeopardize the validity of any 
patents issuing from the above-identified application. 



Date: 





Diane Marschang, Esq. 
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DECLARATION OF DR. AVI ASHKENAZL Ph.D 



I, Avi Ashkenazi, declare and state as follows: 
I. Introduction and Background 

1 . I am a citizen of the United States and presently reside in San Mateo, CA. 

2. I received both my Bachelor's degree in Biochemistry, with honors, in 1983, and 
my Ph.D in Biochemistry in 1986, from Hebrew University in Israel. 

3. I have been employed by Genentech Inc., South San Francisco, CA ("Genentech") 
since 1988, initially as a post-doctoral fellow in the Molecular Biology Group, and later during 
1996-1998 as a Senior Scientist, and the Interim Director of the Molecular Oncology Group at 
Genentech. 

4. I am presently employed by Genentech as a Staff Scientist and as a Director of 
Research in the Molecular Oncology Group. 

5. In this declaration, I provide a description of my activities and the activities of 
those acting on my behalf with regard to the development of monoclonal agonist and antagonist 
antibodies that specifically bind to the extracellular domain of the Apo-2 receptor, as reflected in 
a patent application having serial number 60/046,615 ("the '615 application"), filed on May 15, 
1997, and naming me as an inventor. Specifically, in this declaration, I provide the following: 

a) A brief overview of the technology relating to the Apo-2 receptor; 

b) A brief overview of the individuals with whom I interacted at Genentech 
regarding Apo-2 prior to May 15, 1997, the filing date of the '615 application; 
and 

c) A description of my activities, and activities conducted on my behalf, relating to 
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the work described in the '615 patent application. 

6. In this Declaration I refer to Ashkenazi Documentary Exhibits (" ADE") 8, 10-13, 
18, and 19. 

7. I understand that Genentech intends to submit this declaration to the United States 
Patent and Trademark Office to establish activities that occurred prior to March 17, 1997 and up 
to May 15, 1997. I understand that March 17, 1997, is a date by which another company filed a 
patent application relating to the Apo-2 receptor (also known as DR5) and that May 1 5, 1997, is 
the date on which Genentech filed the '615 patent application relating to the Apo-2 receptor. 

8. Certain work conducted by me, or on my behalf, directed to identifying and 
characterizing the Apo-2 receptor occurred prior to March 17, 1997, and is described in such 
terms, while other work occurred after March 17, 1997, and is described with reference to the 
specific dates. Dates prior to March 17, 1997, in documents cited herein have been redacted. 
II. Overview of Apo-2 Work 

9. In the mid-1 990's, I had a research goal to identify new receptors and ligands in 
the Tumor Necrosis Factor ("TNF") family. My research resulted in the identification and 
characterization of a novel TNF receptor, which I ultimately designated "Apo-2." My research 
included the preparation of antibodies against Apo-2, including agonist antibodies that 
specifically bind to the extracellular domain (amino acids 54 to 182) of the Apo-2 receptor and 
induce apoptosis in a DR5-expressing cell. 

10. The Apo-2 receptor is a transmembrane receptor having 1) cysteine-rich regions 
in the extracellular domain, 2) a transmembrane domain; and 3) an intracellular region 
containing a death domain. 
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11. I first identified a portion of the Apo-2 receptor molecule prior to March 1 7, 1997, 
using the LifeSeq™ sequence database, which Genentech had licensed from Incyte 
Pharmaceuticals, Inc. ("Incyte"). 

12. Prior to March 17, 1997, 1 identified the complete cDNA sequence of the Apo-2 
receptor. Based on the cDNA sequence, I was also able to identify the amino acid sequence of 
the Apo-2 receptor prior to March 17, 1997. 

13. Prior to March 17, 1997, 1 was aware of the sequence of the putative extracellular, 
transmembrane and intracellular domains of the Apo-2 receptor. I further understood that the 
intracellular domain of the Apo-2 receptor contained a "death domain" sequence that was similar 
to a structural feature found in the Apo-3 receptor. 

14. Prior to March 1 7, 1 997, based on the available information relating to the Apo-2 
receptor, I fully contemplated the idea that monoclonal antibodies could be prepared that would 
specifically bind to the extracellular domain of the Apo-2 receptor and that such antibodies could 
be agonists of the Apo-2 receptor. Prior to March 17, 1997, 1 understood that a possible 
agonistic effect of such an antibody would be the induction of apoptosis in the cell, but that other 
agonistic functions were also possible. 

15. Specifically, prior to March 17, 1997, 1 fully contemplated a method of inducing 
apoptosis in a DR5 -expressing cell which involved exposing the cell to an effective amount of an 
Apo-2 agonist monoclonal antibody which (a) binds to a soluble extracellular domain sequence 
(amino acids 54 to 182) of an Apo-2 polypeptide and (b) induces apoptosis in a DR5 -expressing 
cell. 

III. Overview of Individuals Working on My Behalf 

16. There are several individuals who worked on my behalf to characterize the new 
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receptor I identified and toward the filing of the '615 patent application. 

17. A Genentech scientist, Dr. William Wood, assisted me with receiving training and 
obtaining access to the Incyte LifeSeq™ sequence database. After searching the Incyte sequence 
database and identifying expressed sequence tags (ESTs) of interest, I conveyed the relevant 
information to Dr. Wood. 

18. Several Genentech scientists in my laboratory assisted me with the cloning and 
initial characterization of the full length Apo-2 receptor molecule, including Scot Marsters, a 
Senior Research Associate; Dr. James Sheridan, a post-doctoral fellow; Robert Pitti, a Senior 
Research Associate; and Maya Skubatch, a Temporary Research Associate. Lakshmi 
Ramakrishnan, a Research Associate who worked in a different Genentech laboratory, assisted 
with the isolation of clones containing the full-length cDNA encoding the Apo-2 receptor. 

19. The initial activities directed to identifying and characterizing the Apo-2 receptor 
are described in Examples 1 through 8 of the '615 application. Generally, the work done by me 
or on my behalf relating to the Apo-2 receptor, as reflected in the specification of the '615 
application (ADE-18), involved the following: 

a. Identifying, isolating, cloning, and sequencing the DNA sequence encoding the Apo- 
2 receptor (Example 1); 

b. Constructing and expressing Apo-2-Flag, Apo-2 IgG, and Apo-2-GST fusion proteins 
for use in binding studies (Examples 2, 3, and 4); 

c. Overexpressing the DNA encoding the Apo-2 receptor in a cell-based system to 
determine whether the receptor induces apoptosis (Example 4); 

d. Binding studies using the Apo-2 fusion proteins and the Apo-2 ligand (Example 5); 
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e. Evaluating whether the newly identified Apo-2 receptor activates the NFkB pathway 
(Example 6); 

f. Evaluating tissue localization of Apo-2 mRNA via Northern blot analyses (Example 
7); and 

g. Conducting chromosomal mapping experiments to map the location of the gene 
encoding the Apo-2 receptor and the gene encoding DR4 (Example 8). 

20. Finally, I also worked with patent counsel for Genentech, Diane Marschang, and 
assisted her in the preparation of the '615 patent application. As reflected, for example, at page 
10, lines 3-5, and page 56, lines 22-23, of the 6 615 application, I contemplated the preparation of 
antibodies, including agonist antibodies, that bind to the extracellular domain of the Apo-2 
receptor. 

IV. Description of Activities Preceding the Filing of the ' 615 Application 

A. Identifying Clones from the Incyte LifeSeq™ Sequence Database 

21 . The initial work I conducted toward isolating and characterizing the Apo-2 
receptor, and developing monoclonal agonist antibodies that specifically bind the extracellular 
domain (amino acids 54 to 182) of the Apo-2 receptor and induce apoptosis in a DR5 -expressing 
cell, involved searching a sequence database that Genentech licensed from Incyte. 

22. Incyte was a company in the business of sequencing portions of the human 
genome. Incyte maintained a proprietary computer database of such sequences and licensed the 
database to Genentech. 

23. The Incyte LifeSeq™ sequence database is made up of DNA sequences referred 
to as "expressed sequence tags" ("ESTs") that were generated primarily from the five prime ends 
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of a collection of cDNA clones. 

24. Dr. William Wood worked in the Molecular Biology Group at Genentech and was 
involved with providing Genentech scientists with access to the Incyte LifeSeq™ database. Dr. 
Wood also maintained records of the sequences identified from the Incyte database by 
Genentech scientists. 

25. Prior to March 17, 1997, Dr. Wood provided me with access to the Incyte 
database. 

26. Prior to March 17, 1997, 1 conducted searches of the Incyte database for 
sequences having structural similarities to the Apo-3 receptor. 

27. I identified two EST sequences from the Incyte database, i.e., Incyte clone 
numbers 2078364 and 1237537, that ultimately led to the isolation and characterization of the 
Apo-2 receptor, as well as the development of agonist antibodies that specifically bind to the 
extracellular domain (amino acids 54 to 1 82) of the Apo-2 receptor and induce apoptosis in a 
DR5 -expressing cell. 

28. Prior to March 17, 1997, as reflected on page 59 of my notebook 22265 (ADE-19, 
p. 59), "I found a set of 2 Incyte sequences that show homology to the death domains of Apo-3 
and of other TNF receptor family members." In the right margin of page 59 of notebook 2265, 1 
noted that the Incyte sequences were obtained from Cluster 75799. 

29. Below my notation, I attached a copy of the printout of the query that I used to 
search the Incyte database and which resulted in the identification of Incyte clones 2078364 and 
1237537. In the image of the entry below, the "Query" amino acid sequence is from the Apo-3 
death domain and the "Sbjct" amino acid sequence is the corresponding sequence of the 
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respective Incyte clone. The sequence data located between the "Query" and "Subjct" data 



reflects consensus sequence. 



-. ^ 



. *M«*UU«*.«^iV43 • 31/41 |5>l). Pr*** ••♦J 

" ^ ,0 Yf »t. «ft J/>L ♦ Bit E BO t ML t¥ ■'" 

< v-.-. • ? •■ - -, • >• ... • 



s. .• * » , 



• <cor« « « (11.1 Wt4i>, I5tpect - o.«, p - 

N v jtetUtM * 0«>/ P©«ltWM • Turn* - 

«K LOL -^SI* "* ■ RD T L <U 



30. Below is a more legible copy of the information contained in my notebook entry 
from above. 
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>2078364 ISLTNOT01 INCYTE 

Length - 270 

Plus Strand HSPs: 

Score - 85 (39.6 bits). Expect - 0.00067, P « 0.00067 
Identities - 17/43 (39%), Positives - 23/43 (53%), Frame - +3 

Query: 3 DAVPARRWKEFVRTLGLREAEIEAVEVEIGRFRDQQYEMLKRW 45 

D VP VH +R LGL + EI + + E RD Y ML +W 
Sbjct: 66 DLVPFDSWEPLMRKLGLMDNEIKVAKAEAAGHRDTLYTMLIKW 194 

>1237537 LUNGT0T02 INCYTE 

Length - 260 

Plus Strand HSPs: 

Score - 68 (31.7 bits), Expect - 0.46, P - 0.37 

Identities » 13/36 (36%), Positives - 19/36 (52%), Frame - +2 

Query: 10 WKEFVRTLGLREAEIEAVEVEIGRFRDQQYEMLKRW 4 5 

W+ +R LGL I- EI+ + E RD Y L +W 
Sbjct: 11 WEPLMRKLGLMDNEIKVAKAEAAGHRDTLYTXLIKW 118 

3 1 . Next, prior to March 1 7, 1 997, 1 aligned the sequences of Incyte clones 2078364 
and 1237537 to identify conserved regions, which would later be used by Scot Marsters to design 
PCR primers to isolate and clone the full length sequence from a human pancreas cDNA library. 
I attached a copy of this sequence alignment in the middle of page 59 of my notebook 22265, an 
image of which is provided below. 
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32. Below is a more legible copy of the information contained in my notebook entry 
from above. 

J /bain/ ruby /\m /^'^lbio/aa/IT^FR/R^FRfl/incy tes/a a .out 



2078364 1 TGCTGGTTCCAGCAAATGAAGGTGATCCCACTGAGACTCTGAGACAGTGC 

pee. <:' 



2078364 51 TTCGATGACT TTGCAGACTTGGTGCC 
1237537 i • 



CTTTGACT 
CTTTGACT 



CT.GGGAGCCGCTCAT 
C T. GGGAGCCGCT CAT 



2078364 101 
1237537 25 



GAGGAAGTTGGGCCTCATGGACAATGAGATAAAGGTGGCTAAAGCTGAGG 
GAGGA AGT T GGGC CT CA T GGA C A A T GA G ATA AAGGTGGCTAAAGCTGAGG 



2078364 151 
1237537 75 



C A G C G G GjC CACAGGGACACCTTGTACACG 
cagcggg]ccaca GGGACACCTT GTACACG 



TGCTGATAAAGTGGGTCAAC 
TGCTGATAAAGTGGGTCAAC 



2078364 201 
1237537 125 



2070364 251 
1237537 175 



AAAACCGGGCGAGATGCCTCTGTCCA 
AAAACCGGGGGAGAT GCCTCT GTCCA 



ACCCTGCTGGATGCCTTGGAGAC 
ACCCTGCTGGATGCCTTGGAGAC 



GCTGGGAGAGAGACTTGCCA 
GCT GGGAGAGAGACTTGCCA 



' Prf r' 



AGCAGANGA T TGHGGACCACTTGTTGNGCT 



1237537 225 CTGGAAAGTTCATGTATCTNGAAGGTAATGCAGACT 
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33. Prior to March 17, 1997, 1 prepared a consensus sequence and attached a copy to 



the bottom of page 59 of my notebook 22265 (ADE-19, p. 59), an image of which is provided 
below. 
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34. Below is a more legible copy of the information contained in my notebook entry 
from above. 



< /home/ruby/va/Molbio/aa/TNFR/TNFRs/incytes/ss .conlDD 



< length: 336 



1 


TGCTGGTTCC 


AGCAAATGAA 


GGTGATCCCA 


CTGAGACTCT 


GAGACAGTGC 


TTCGATGACT 


TTGCAGACTT 


GGTGCCCTTT 


6ACTNCTGGG 


AGCCGCTCAT 




ACGACCAAGG 


TCGTTTACTT 


CCACTAGGGT 


GACTCTGAGA 


CTCTGTCACG 


AAGCTACTGA 


AACGTCTGAA 


CCACGGGAAA 


CTGANGACCC 


TCGGCGAGTA 


1 


LeuValPr 


oAlaAsnGlu 


GlyAspProT 


hrGluThrLe 


uArgGlnCys 


PheAspAspP 


heAlaAspLe 


uValProPhe 


AspOnkTrpG 


luProLeuMet 


101 


GAGGAAGTTG 


GGCCTCATGG 


ACAATGAGAT 


AAAGGTGGCT 


AAAGCTGAGG 


CAGCGGGCCA 


CAGGGACACC 


TTGTACACGN 


TGCTGATAAA 


GTGGGTCAAC 




CTCCTTCAAC 


CCGGAGTACC 


TGTTACTCTA 


TTTCCACCGA 


TTTCGACTCC 


GTCGCCCGGT 


GTCCCTGTGG 


AACATGTGCN 


ACGACTATTT 


CACCCAGTTG 


34 


ArgLysLeu 


GlyLeuMetA 


spAsnGluIl 


eLysValAla 


LysAlaGluA 


laAlaGlyHi 


sArgAspThr 


LeuTyrThrU 


nkleuIleLy 


sTrpValAsn 


201 


AAAACCGGGC 


GAGATGCCTC 


TGTCCACACC 


CTGCTGGATG 


CCTTGGAGAC 


GCTGGGAGAG 


AGACTTGCCA 


AGCAGANGAT 


TGNGGACCAC 


TTGTTGNGCT 




TTTTGGCCCG 


CTCTACGGAG 


ACAGGTGTGG 


GACGACCTAC 


GGAACCTCTG 


CGACCCTCTC 


TCTGAACGGT 


TCGTCTNCTA 


ACNCCTGGTG 


AACAACNCGA 


67 


LysThrGlyA 


rgAspAlaSe 


rValHisThr 


LeuLeuAspA 


laLeuGluTh 


rLeuGlyGlu 


ArgLeuAlaL 


ysGlnUnkll 


eOnkAspHis 


LeuLeuUnkSer 


301 


CTGGAAAGTT 


CATGTATCTN 


GAAGGTAATG 


CAGACT 
















GACCTTTCAA 


GTACATAGAN 


CTTCCATTAC 


GTCTGA 














101 


GlyLysPh 


eMetTyrLeu 


GluGlyAsnA 


laAsp 
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35. The "ss.conlDD" sequences attached at the bottom of page 59 of my notebook 
22265 (ADE-19, p. 59) are the consensus nucleotide and amino acid sequences that I assembled 
based on the sequences of clones 2078364 and 1237537 and extensions thereof. Differences 
between the sequences of clones 2078364 and 1237537 are denoted in the conlDD sequence 
with "Unk", which stood for "unknown." 

36. Prior to March 17, 1997, 1 compared the human Apo-3 amino acid sequence 
(designated "hApo3") and the amino acid sequence of "conlDD" (i.e., the consensus sequence 
based on Incyte clones 2078364 and 1237537). I attached a printout of this comparison to the 
top of page 60 of my notebook 22265 (ADE-19, p. 60). In the printout of the results from this 
comparison, identical amino acid sequences are marked with boxes. An image of the printout is 
provided below. 
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37. Below is a more legible copy of the information contained in my notebook entry 
from above. 
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v /hcmv'ruby/va/tolb^^ out 



hApo3 

hApo3 

hApo3 

hApo3 

hApo3 

hApo3 

hApo3 
OOnlDD 

hApo3 
oonlDD 

hApo3 
oonlDD 



1 MEGRPRGCAAVAAAL LLVt LGARAQGGTRSPRCDCAGDFHKK IGLFCCRG 

51 CPAGHYLKAPCTEPCGNSTCLVCPQDTFLAWENHHNSECARCQACDEQAS 

101 QVALENCSAVAOTRCGCKPGWFVECQVSQCVSSSPFYCQPCtDCGALHRH 

151 TRL LCSRRDTDCGTCLPGFYEHGOGCVSCPTSTLGSCPERCAAVCGWRQM 

201 FWVQVL L AGLVVPL L LGATLTYTYRHCWPHKPLVTA DEAGMEALTPPPAT 

251 HLSPIDSAHTU APPOSSEKI CTVQL VGNSWTPGYPETQEALCPQVTWSW 



301 OQL PSRAL GPAAAPT 

1 



351 
33 



399 
03 



m[r]k 



L G t 


R E A 


E 1 


L G I 


M D N 


E 1 



E A 
K V 



s p aIgIsIpIa m m|l~|q p g p g l y[d]v m[d|a v p a r r[w|k e f 

n . e|g|o[pJt e t|lJr q c - - f o(dJf a[d]l[v_p f o x|w|e P L 

VEv|e|(GRFRDQ oIyIe mIlIk r[w|- - R Q Q Q p[a|g LGAVY 

A K A[eJa A G H [RJDjT t |yJt X [lj ! K |w|v N K T G R 0[AjS VHTIL 



Y A 
0 



ALE 
A L E 



r m[g]l dgcvedlrs r(l1q 
tl[g]erlakqx ixd h|lJl 



QflGP 
XSGKFMYLEGNAO 



38. Beneath the sequence comparison between hApo3 and conlDD, I attached a 
comparison of amino acid sequences of death domains from the TNF receptors Apo-3, TNFR1, 
and CD95, and the adaptor molecules FADD, TRADD, RIP and Reaper to the amino acid 
sequence of conlDD 1 (handprinted). I attached a printout of this comparison to the middle of 
page 60 of my notebook 22265. In the printout of the results from this comparison, identical 
amino acid sequences are marked with boxes. An image of the printout is provided below. 
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39. Once I identified the partial sequence having structure similarity to the Apo-3 



sequence, I contemplated conducting a variety of experiments, including: 1) obtaining the full 



length sequence of the molecule exhibiting structural similarity to Apo-3, 2) conducting 



expression and functional assays, 3) identifying ligand(s) that bind(s) to the receptor molecule, 



and 4) initiating experiments to generate antibodies, including agonist antibodies that specifically 



bind to the extracellular domain (amino acids 54 to 182) of the newly identified receptor and 



induce apoptosis in a DR5-expressing cell. 



40. After identifying clones 2078364 and 1237537 from the Incyte database, I 



provided Dr. Wood with the relevant Cluster number and clone numbers. Specifically, prior to 



March 17, 1997, I sent an e-mail to Dr. Wood relating to sequences from the Incyte database. I 



attached a copy of my e-mail to the top of page 61 in my notebook 22265 (ADE-19, p. 61). In 



this e-mail, I informed Dr. Wood that I planned to clone from "Cluster 75799" two Incyte 



sequences that were "homologous to the Apo-3 death domain." 



41 . Prior to March 17, 1997, Dr. Wood responded to my e-mail and requested me to 



provide him with the clone numbers corresponding to each of the sequences I intended to clone 



from Cluster 75799. (ADE-8). 
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42. Prior to March 17, 19987, in response to Dr. Wood's request for clone numbers, I 
sent Dr. Wood an e-mail identifying clones 2078364 and 1237537 as the sequences I planned to 
clone from Cluster 75799. A copy of this correspondence is marked as ADE-8. 

43. After identifying clones 2078364 and 1237537 from the Incyte database , I also 
instructed Mr. Marsters to obtain the full sequence of the molecule having the observed 
homology with the Apo-3 receptor. On the lower half of page 60 of my notebook 22265 (ADE- 
19, p. 60), beneath the various sequence comparisons, I noted that "I asked Scot Marsters to 
design probes/primers in order to clone out the full-length cDNA." I further noted on page 60 of 
my notebook that "This appears clearly to be a novel death domain containing sequence." 

44. I also guided Mr. Marsters in experiments designed to evaluate the signaling and 
binding characteristics of the molecule. 

45. Prior to March 17, 1997, 1 noted on page 62 of my notebook 22265 (ADE-19, p. 

62) that "Positive phage clones have been identified in two libraries, pancreas and , using a 

probe based on the death domain-like Incyte sequence. One clone of each library was sent to 
sequencing." 

46. Prior to March 17, 1997, 1 noted on page 63 of my notebook 22265 (ADE-19, p. 

63) that "Today, we obtained evidence for activation of apoptosis by the new death domain 
protein. Scot transected 293 cells with control pRK5 of phage clone subcloned to pRK5." 
Beneath my notations, I attached two photographs to page 63 of my notebook. The first is a 
photograph of cells transfected with pRK5 control DNA. The second is a photograph of cells 
transfected with the pRK5 vector and the cDNA encoding the death domain containing protein. 

47. Prior to March 1 7, 1997, 1 noted on page 64 of my notebook 22265 (ADE-19, p. 

64) that "We obtained full-length sequence of the cDNA." Immediately below my notation on 
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page 64 and continuing onto page 65, 1 attached a printout of the full-length cDNA sequence 
the new death domain-containing protein. An image of the printout is provided below. 
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48. After the attached sequence printout on page 65 of my notebook 22265 (ADE-19, 
p. 65), prior to March 17, 1997, 1 noted 'The sequence confirms that this is a death domain- 
containing receptor. The receptor is clearly a new member of the TNF receptor family. It has 
cysteine-rich domains in the putative extracellular region, a transmembrane putative domain, and 
a cytoplasmic putative region that contains the death domain." 

B. Work Conducted on My Behalf 

49. After conducting my sequence analyses, and prior to March 17, 1997, 1 requested 
Mr. Scot Marsters to begin work to identify full-length clones from cDNA libraries using probes 
and primers designed from the ss.conlDD sequence. This cloning work is reflected in Example 
1 of the '615 specification. (ADE-18, p. 58, 1. 28 to p. 62, 1. 14). 

50. As Mr. Marsters continued working on the characterization of the Apo-2 receptor, 
he and Lakshmi Ramakrishnan developed a nomenclature scheme for the DNA and amino acid 
sequences that eventually were designated Apo-2 receptor. 

51 . A number of cDNA clones were isolated by Lakshmi Ramakrishnan from a 
cDNA library using the probes designed by Mr. Marsters. 

52. A clone designated DD.2 was selected for further evaluation and was sequenced 
in its entirety by the Genentech sequencing facility. This work is also reported in Example 1 of 
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the '615 specification. (ADE-18, p. 58, 1. 28 to p. 62, 1. 14). 

53. Concurrent with the sequencing work of DD2. 1 , Mr. Marsters transfected and 
overexpressed the DD2.1 clone in 293 cells to examine whether the protein encoded by the 
DD2.1 clone could potentially induce cell death in the 293 cells. 

54. Dr. James Sheridan assisted Mr. Marsters with expression work and Dr. Sheridan 
confirmed that the DD2.1 clone killed the 293 cells. I personally reviewed the photographs of 
the cells as well as personally observed the cells under the microscope. This work is described in 
Example 4 of the '615 specification. (ADE-18, p. 64, 1. 8 to p. 65, 1. 13). 

55. Mr. Marsters also worked with Maya Skubatch and began construction of fusion 
proteins using either the predicted extracellular domain of the DD.2.1 cDNA fused to DNA 
encoding an IgG Fc fragment, or the predicted extracellular domain of DD2.1 with a FLAG tag, 
which was used to help isolate the soluble protein. Mr. Pitti worked with the fusions as well. 
This work is reported in Example 2 of the '615 specification. (ADE-18, p. 62, 1. 16 to p. 63, 1. 
6). 

56. Mr. Marsters and Ms. Skubatch also conducted a variety of Northern blot analyses 
to identify expression of the mRNA encoded by the DD2.1 clone in multiple tissues. This work 
is reported in Example 7 of the '615 specification. (ADE-18, p. 67, 11. 11-35). 

57. Mr. Pitti and Mr. Marsters conducted various binding studies using the Apo-2 
ligand and the fusion proteins made by Mr. Marsters and Ms. Skubatch. Soon after conducting 
the binding studies, the nomenclature began to shift from DD.2.1 to "Apo-2" because it was 
observed that the Apo-2 ligand bound to the DD2.1 fusion protein. This work is reported in 
Example 5 of the '615 specification. (ADE-18, p. 65, 11. 15-28). 
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58. Mr. Marsters also conducted several assays demonstrating that the Apo-2 receptor 
activated the NFkB pathway. This work is reported in Example 6 of the '615 specification. 
(ADE-18, p. 65, 1. 30 to p. 67, 1. 9). 

59. Mr. Marsters, Ms. Skubatch, and Dr. Sheridan conducted chromosome mapping 
experiments and determined that the gene encoding the Apo-2 receptor mapped to chromosome 
8. This work is described in Example 8. (ADE-18, p. 68, 11. 1-15). 

C. My Work With Genentech Patent Counsel 

60. In the course of my research at Genentech, on various occasions I worked with a 
Genentech patent attorney named Diane Marschang. 

61 . In 1 997, 1 began discussing my work relating to the Apo-2 receptor with Ms. 
Marschang. I do not presently recall the specific date on which I discussed or communicated my 
Apo-2 work to Ms. Marschang, but I believe it could have been as early as March or April of 
1997. 

62. The earliest documentary evidence of which I am presently aware reflecting my 
communication of Apo-2 related information to Ms. Marschang is dated May 5, 1997. 

63. On or about May 5, 1997, 1 submitted to the Genentech Legal Department a 
Research and Development Information Release Application (RDIRA). (ADE-11). The 
Genentech Legal Dept. date stamp of May 5, 1997 is located on the upper right corner of the 
front page of the RDIRA. 

64. The RDIRA was an internal approval form used by Genentech scientists prior to 
submitting a manuscript to a journal or other outside entity for publication. 
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65. In the "Title of Report" line in section 1 of the RDIRA, I entered the following: 
"A Second Cell Death Receptor for the Cytokine Apo-2 Ligand." 

66. In the "Proposed date of submission" line in section 1 of the RDIRA, I entered the 
following: "May 5, 1997." 

67. In the "Author submitting for release" line in section 1 of the RDIRA, , I entered 
the following: "Avi Ashkenazi." 

68. In the "name of patent attorney/agent who should review this material" line in 
section 1 of the RDIRA, I entered the following: "Diane Marschang" and lists her telephone 
extension "x5416." 

69. I attached a copy of my manuscript titled "A Second Cell Death Receptor for the 
Cytokine Apo-2 Ligand" to the RDIRA that I submitted to the Genentech Legal Department. 
The manuscript has been marked as ADE-12. 

70. I recall that Ms. Marschang received a copy of the manuscript and that we discussed 
the work described therein in both the context of the submission of the manuscript for publication, 
as well as in the context of drafting a patent application directed to the Apo-2 receptor work. 

71 . I recall reviewing drafts of the '61 5 application before the '61 5 application was 
filed at the United States Patent and Trademark Office. A draft of the '615 application (ADE- 
10) contains the following entry at the top of page 1 : "Draft # 1- May 5, 1997" which I believe 
was a notation entered by Ms. Marschang to reflect that she completed the first draft of the '615 
application on May 5, 1997. Based on the length and content of the May 5, 1997, draft 
application, I believe that I began assisting Ms. Marschang with the drafting of the application 
before May 5, 1997, and probably in conjunction with my drafting of the Apo-2 manuscript. 
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72. ADE-13 is a subsequent draft of the '615 application prepared by Ms. Marschang 
with my assistance. The following entry is at the top of page 1 of ADE-13 "Draft #2 - May 13, 
1997." I believe this notation reflects that Ms. Marschang completed a second draft of the '615 
application on May 13, 1997, which is consistent with my recollection of more than one draft of 
the application prior to filing the '615 application at the United States Patent and Trademark 
Office. 

V. Conclusion 

73. I declare further that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of any 
patents issuing from the above-identified application. 





Avi Ashkenazi, Ph.D. 
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DECLARATION OF ROBERT PITTI 

I, Robert Pitti, declare and state as follows: 

I. Introduction and Background 

1 . I am a citizen of the United States and presently reside in El Cerrito, California. 

2. I received my Bachelor's of Arts degree in English from San Diego State 
University and my Bachelor's of Science degree in Biological Sciences from the University of 
California, Davis. 

3. I have been employed by Genentech Inc., South San Francisco, CA ("Genentech") 
since June 1 984. 

4. From 1995, until the present, I have worked as a Senior Research Associate in the 
Department of Molecular Oncology in Dr. Avi Ashkenazi's lab. 

5. In this declaration, I refer to pages in my laboratory notebooks submitted as ADE- 
20 and ADE-21. 

6. The handwriting on the cited notebook pages is my handwriting, unless otherwise 
noted. I typically signed and dated my notebook pages on the days that I began the experiments. 

7. The descriptions I provide in this declaration include images from portions of my 
notebook pages. The notebook pages are reproduced in their entirety in the exhibits submitted 
herewith. The images embedded in this declaration are accurate reproductions of the notebook 
pages and are intended to help guide the reader in considering my notebook entries. 

8. I understand that Genentech intends to file this declaration at the United States 
Patent and Trademark Office to establish activities that occurred prior to March 17, 1997, and up 
to May 15, 1997. I understand that March 17, 1997, is a date by which another company filed a 
patent application relating to the Apo-2 receptor (also known as DR5) and that May 15, 1997, is 
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the date on which Genentech filed a patent application relating to the Apo-2 receptor. Dates 
preceding March 17, 1997 on documents cited in this declaration have been redacted. 

9. In this declaration, I provide the following: 

a. An overview of the personnel with whom I interacted at Genentech 
during my employment during the years 1996-1998; 

b. An overview of the types of experiments that I conducted while 
working for Dr. Ashkenazi; and 

c. A detailed description of my activities relating to the work I 
conducted using the Apo-2 receptor. 

H. Overview of the Personnel With Whom I Interacted At Genentech 

10. In the course of my work during 1996-1998, 1 routinely interacted with several 

Genentech scientists including: Dr. Ashkenazi, Scot Marsters, Maya Skubatch, and Dr. James 
Sheridan. I routinely discussed my work and experimental results with these scientists during 
our interactions in the close proximity of the Ashkenazi lab. These scientists, including Dr. 
Ashkenazi, would discuss their results and objectives with me as well. 

1 1 . Prior to March 1 7, 1 997, 1 understood that Dr. Ashkenazi was searching for 
receptor molecules in the Tumor Necrosis Factor (TNF) family of receptors. I understood that 
Dr. Ashkenazi was searching for novel receptor sequences based on structural similarities to 
previously identified receptors in the TNF family (e.g., Apo-3 and Fas), including sequences for 
1) cysteine-rich regions in the extracellular domain, 2) a transmembrane domain; and 3) an 
intracellular region containing a death domain. 

12. I recall that prior to March 17, 1997, Dr. Ashkenazi searched an Incyte sequence 
database and identified DNA sequences that he considered to be similar to the sequence of the 
Apo-3 receptor. 
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13. Prior to March 17, 1997, 1 clearly understood Dr. Ashkenazi 's objectives 
regarding the newly identified receptor molecules. I worked in the Ashkenazi laboratory and Dr. 
Ashkenazi and I often discussed the progress of my research and his research objectives. At that 
time, I understood that upon identifying a novel receptor sequence, Dr. Ashkenazi planned to 
conduct cloning and expression experiments as well as to prepare a fusion protein (Apo-2-IgG 
(immunoglobulin G)) to use in binding studies. Additionally, I understood that Dr. Ashkenazi 
planned to initiate experiments to prepare antibodies against the receptor, including the 
preparation of agonist antibodies that would specifically bind to the extracellular domain (amino 
acids 54 to 182) of the newly identified receptor, and that would induce apoptosis in a DR5- 
expressing cell. 

14. Specifically, prior to March 17, 1997, 1 understood that Dr. Ashkenazi had 
contemplated a method of inducing apoptosis in a DR5-expressing cell which involved exposing 
the cell to an effective amount of an Apo-2 agonist monoclonal antibody which (a) binds to a 
soluble extracellular domain sequence (amino acids 54 to 182) of an Apo-2 polypeptide and (b) 
induces apoptosis in a DR5 -expressing cell. 

15. Once Dr. Ashkenazi identified sequences in the Incyte database, I recall that he 
asked Scot Marsters to design PCR primers and DNA probes based on the sequences Dr. 
Ashkenazi identified. Mr. Marsters designed the primers, designated them "DD" primers and a 
"DD" probe, and asked a research associate collaborating with the Ashkenazi laboratory, 
Lakshmi Ramakrishnan, to screen various cDNA libraries and isolate clones having structural 
similarities to the sequences Dr. Ashkenazi identified. 
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16. I recall that Ms. Ramakrishnan isolated a clone designated "DD2". The "DD2" 
designation is a reflection of Scot Marsters' probe designation ("DD") and number "2" was the 
second positive clone (out of four) identified by Ms. Ramakrishnan. 

III. Overview of My Work Involving the Apo-2 Receptor 

1 7. My own laboratory work involved working with DNA constructs having DD2 

DNA inserts. Scot Marsters was the person who provided me with these DNA constructs. I 
recall that the "DD2" DNA was determined to encode the molecule later designated the Apo-2 
receptor. 

18. My laboratory work included creating and characterizing the expression of 
different DNA constructs containing the DD2 DNA. Specifically, my work included making 
and/or assaying DD2-IgG (antibody) immunoadhesion fusion constructs; making and/or assaying 
DD2-Flag fusion constructs; and making and/or assaying DD2-GST (glutathione-s-transferase) 
fusion constructs. 

19. I also conducted binding assays to evaluate the binding characteristics of the 
receptor encoded by the DD2 DNA with a molecule called Apo-2 Ligand ("Apo-2-L"). My 
experiments reflect that Apo-2-L bound with specificity to the receptor encoded by the DD2 
DNA. I conducted traditional competition-based binding experiments, as well as experiments 
using a Biacore chip having the receptor linked thereto which was then incubated with Apo-2-L. 

IV. Detailed Description of My Laboratory Notebook Entries 

A. Relevant Entries From Notebook Number 26610 (ADE-20) 
1. Page 68, Notebook 26610 

20. I recorded and conducted the activities described on page 68 prior to March 1 7, 

1997, as reflected by the date I recorded on that page next to my signature. 

21. At the top of page 68, 1 recorded the title of the experiments as "Gel Purification 
of GST Fusion PCR Products" reflecting that 1 gel-purified GST Fusion PCR products. I would 
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likely have received the GST fusion PCR products from Scot Marsters. At the time of these 
experiments, I would often be asked to help complete an experiment using materials generated 
by others in the lab such as Scot Marsters. 

22. A protein fused to a GST moiety allows for purification of the fusion protein 
using commercially available products that bind to the GST molecule. Therefore, the purpose of 
the experiment was to generate purified DD2-GST fusion proteins to obtain purified DD2 
protein. 

23. At the top of page 68, 1 attached a photograph of a gel containing PCR reaction 
products. I made a notation at the top of the image of the gel which reads "GST 15 cycles DD2" 
reflecting that the PCR products run on the gel encoded GST-DD2 fusion constructs. 

24. The entries "Ljo" and "L" and "S| 0 " and "S" reflect that there were long ("L") and 
short ("S") forms of the GST-DD2 fusion construct. The difference in long and short forms 
related to the length of linker sequence contained between the "GST" and "DD2" portions of the 
fusion construct. Multiple fusion lengths were often used to ensure that the constructs would be 
effectively expressed in an expression system. 

25. I purified the PCR fragments from the gel and ligated the PCR fragments into 
plasmid vectors. I described my continued activities using the plasmids I made on page 69. 

2. Pages 69-70, Notebook 26610 

26. I recorded and conducted the activities described on pages 69 and 70 on March 

17, 1997, as reflected by the dates I recorded on those pages next to my signature. 

27. At the top of page 69, 1 recorded the title of the experiments as "Plasmid digests" 
reflecting that I conducted restriction digests of plasmids. Based on my notebook entries, the 
plasmids I digested were from the experiment I described on page 68. 
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28. I recorded the reaction conditions that I followed for the plasmid digests at the 
middle of page 69 toward the right side. The entries under u X\0[i\ 4T2" correspond to the 
reagents and amounts I used to digest the GST-DD2 fusion construct. I digested the construct 
with the restriction enzymes EcoRl and Xhol which were expected to yield a band on a gel 
containing the DD2 insert because the DD2 insert was surrounded by the EcoRl and Xhol 
restriction sites. 

29. The image below is of entries that I made on page 69. The circular diagram is a 
schematic of the GST-DD2 fusion construct and highlights the predicted digestion sites from 
EcoRl and Xhol and the location of the DD2 and GST inserts. 

30. I also listed samples 1 -7 under the "Gel format" entry on page 69. Lanes 6 and 7 
contain the digested products from the "4T2" construct, which is the same as the schematic I 
drew, and contained the DD2 and GST inserts. 

3 1 . The gel I attached at the bottom of page 69 is a photograph of an analytical gel 
which I used to confirm that the digested products were present in the samples I prepared. The 
last two lanes of the gel contained the GST-DD2 fusion digests and demonstrated the expected 
banding pattern. 
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32. At the top of page 70, 1 wrote "Acrylamide" and "PCR & Purification" reflecting 
that I ran additional aliquots of plasmid digests (described on page 69) on a preparative 
acrylamide gel. I ran 5 microliter aliquots from the same digests I described on page 69 on a 6% 
acrylamide gel and purified ("electro-eluted") the bands corresponding to the GST-DD2 fusion 
products. This process yielded purified DNA products encoding the GST-DD2 fusion insert. 

33. I attached a photograph of the acrylamide gel at the top of page 70. 

34. I made the following entries at the middle of page 70: 



35. My entries reflect that the purified GST-DD2 samples corresponding to "Li 0 and 
Sio" from the acrylamide gel, were cloned into a "pGEMT" vector. A pGEMT vector was a 
readily available vector used for making DNA constructs. The newly ligated clones were then 
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"PCR selected" and then digested with the restriction enzymes EcoRl and Xhol. The image of 
the gel from the restriction digest is taped to the bottom of page 70. The GST long samples were 
labeled 2, 3, 4, 5, and 6 whereas the GST short samples were labeled 50, 51, 52, 53, and 54. 

36. I noted that "4 long and 3 short were submitted for sequence" reflecting that four 
clones having the long form of the construct (samples 2-5) and 2 clones (samples 52-53) having 
the short form of the construct were submitted to the sequencing facility. 

3. Page 72, Notebook 26610 

37. I recorded and conducted the activities described on page 72 on March 18, 1997 

as reflected by the date I recorded on that page next to my signature. 

38. At the top of page 72, 1 recorded the title of the experiment "PCR Frags for GST- 
DD2 PGEM Ligation" reflecting that I conducted additional PCR experiments to amplify DD2- 
GST inserts and then ligated the additional GST-DD2 PCR fragments into pGEM vectors. This 
experiment is similar to the experiments I described on page 70 where I cloned the digested 
DD2-GST fusions into pGEM. 

39. At the middle of page 72, 1 made the following entries reflecting the reagents I 
used in the ligation reaction. I listed the GST-DD2 PCR fragments beside each of the A, B, C 
and D entries. "L l0 " reflects that the long form of the fusion was used in PCR reactions and the 
PCR reaction ran for 10 cycles. "Li 5 " reflects that the long form of the fusion was used in PCR 
reactions and the PCR reaction ran for 15 cycles. "S I0 " reflects that the short form of the fusion 
was used in PCR reactions and the PCR reaction ran for 10 cycles. "Si 5 " reflects that the short 
form of the fusion was used in PCR reactions and the PCR reaction ran for 15 cycles. I then 
listed the reagents and conditions used for the vector ligation experiment under the A, B, C, and 
D entries. 
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40. Following the ligations, I then had multiple plasmid preparations containing the 
DD2-GST fusion construct cloned into pGEM vectors. 

4. Pages 73-75, Notebook 26610 

41 . I recorded and conducted the activities described on pages 73-75 on March 19, 

1 997, as reflected by the dates I recorded on those pages next to my signature. The experiments 
on these pages involved transfecting 293 cells with DD2 DNA constructs, lysing the cells 
following transfection, and measuring the protein content of the cell lysates. 

42. At the top of page 73, 1 recorded the title of the experiment as "293 TFX and Cell 
Lysis" reflecting that I conducted transfection experiments of 293 cells and lysed the cells to 
isolate protein expressed from the transfected cells. 

43. At the middle of page 73, 1 made the following entry: 



44. The entries I made in the image above reflect that I transfected confluent 293 cells 
in 6cm plates with DD2 DNA using a calcium phosphate procedure. I listed the plate numbers 
(1-8) along the left side of page 73 and the corresponding DNA constructs I used to transfect the 
cells. I transfected the cells on plates 1 and 4 with DD2 constructs. I noted that I co-transfected 
the cells with a construct containing the gene encoding CRMA (a caspase inhibitor), on plate 4 
as reflected by the "10" under the "Crma" column. Caspase inhibitors would block apoptosis 
induced by expression of the DD2 constructs and were added to prevent unwanted apoptosis in 
those cells. 

45. I wrote "3 Plates were trx'd for each and incubated O/N at 37°C" reflecting that I 
performed the transfections in triplicate (3 plates were transfected for each plate number shown 
above) and incubated the transfected cells overnight (O/N) at 37°C. 

46. At the middle of page 73, 1 made the following entry: 
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47. These entries reflect that I centrifiiged the transfected 293 cells and then lysed the 
cells using a cell lysis buffer for fifteen minutes. 

48. Following lysis of the cells, I assayed the protein concentration of the cell lysates. 
These activities are described on page 74. 

49. The activities I described on page 74 were directed to measuring the protein 
content in the 293 cells I transfected as described on page 73. I assayed the optical density of the 
samples in a spectrophotometric reader at 562 nanometers ("OD 562 nm") and recorded the 
readouts at the middle of page 74 as reflected in the image of page 74 below. 
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50. The numbers I recorded on the left side is a standard concentration curve used to 
determine approximate protein concentration in a sample. I wrote "STD BSA Curve" at the top 
of the samples listed 1-8 on the left side of the entry above. "BSA" is an abbreviation for bovine 
serum albumin which is used as a protein standard. Next to the samples numbered 1 -8 is the 
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concentration (in ug/ml) of the serial dilutions I made of the BSA standards I used to generate 
the standard curve. To the right of the concentration entries is the optical density reading of the 
samples measured at 562 nm in the spectrophotometric device. 

5 1 . The right side of the table shows the sample number and the optical density (OD) 
of each sample measured at 562 nm. Based on the optical densities obtained from the serial 
dilutions in the standard curve, having known concentrations of BSA, I was able to predict the 
protein concentration in the transfected 293 cell lysates. The entries on the right side of the page 
74 reflect the predicted protein concentration in the cell lysates obtained from the transfected 293 
cells. Samples 1 and 4 had predicted protein concentrations of 6.54mg/ml and 6.88 mg/ml, 
respectively. 

5. Page 76-78, Notebook 26610 

52. I recorded and conducted the activities described on page 76 on March 24, 1997 

as reflected by the date I recorded on that page next to my signature. I recorded and conducted 
the activities described on pages 77 and 78 on March 26, 1997 as reflected by the date I recorded 
on those pages next to my signature. 

53. The purposes of the experiments described on pages 76-78 were to: 1) create a 
vector (pGEX) to receive a DD2-GST insert; 2) digest existing vector to obtain the DD2-GST 
insert; and 3) ligate the DD2-GST insert into the pGEX vector. 

54. At the top of page 76, 1 recorded the title of this experiment as "4T2 PGEX 
Plasmid Prep" reflecting that I prepared "4T2 PGEX" plasmids for use in later ligation 
experiments. I recorded the experimental conditions at the middle of page 76 and included a 
photograph of a gel I ran to confirm that the PGEX had been properly digested with the 
restriction enzymes EcoRl and XhoL 
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55. Based on my notebook entries on pages 77 and 78, 1 ligated a DD2-GST insert 
into the plasmids I prepared as described on page 76. 

56. At the top of page 77, 1 recorded the title of the experiments as "Rl-XhoICuts 
GST-DD2 L&S PGEM" reflecting that I conducted restriction digests of PGEM ligated vectors 
containing an EcoRl-XhoI GST-DD2 fragment. The PGEM vectors I digested were from 
samples "5" and "54" that 1 described on pages 70 and 72 of my notebook.. 



57. At the top of page 77, 1 made the following entry: 




58. These entries reflect that the purpose of this experiment was to digest pGEM 
vectors with the restriction enzymes EcoRl and Xhol to obtain a desired restriction fragment, 
which in this experiment, was a GST-DD2 fragment. The entries also reflect that the fragments 
were electroeluted from the gel and purified using a phenol/ethanol extraction ("p/e"). 

59. I attached a photograph of the gel on which I ran the digest products to page 77. I 
wrote "5" and "54" at the top of two of the lanes on the photograph of the gel reflecting that I 
digested clones "5" and "54" (previously identified on the gel photograph on page 72) and ran 
aliquots from the digests on a gel. I labeled the photograph of the gel "Rl/Xho cut from PGEM 
cl.5 + 54" confirming that aliquots from clones 5 and 54 were the run on the gel. 

60. At the top of page 78, 1 wrote "Rapid Ligation" reflecting that I would conduct a 
ligation experiment to ligate the fragments obtained from samples 5 and 54 described on page 77 
into a vector. 
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61 . Under the "Procedure" entry I made on page 78, 1 listed the procedure I followed 
and reagents I used to conduct the rapid ligation experiment. The vectors I used were the pGEX 
vectors I made on page 76 and the inserts I used were from the DD2-GST inserts I prepared on 
page 77. 

62. Once I made the new DD2-GST-pGEX constructions, these constructions were 
now readily available for use in subsequent experiments. 

6. Page 80, Notebook 26610 

63. I recorded and conducted the activities described on page 80 on March 31,1 997 

as reflected by the date I recorded on that page next to my signature. 

64. At the top of page 80, 1 recorded the title of the experiment "GST Ligation and 
Transformation." The entries I made on page 80 were "housekeeping" entries and reflect the 
status of the constructs that I worked on from the previous week's work. 

65. At the middle of page 80, 1 made the following entries as reflected in the image 

below. 
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66. The entry "10-80" corresponds to the last two digits from my notebook 26610 in 
which I made this entry, and the page number. I would typically use this nomenclature when 
labeling tubes containing preparations that I made in the laboratory. The entry on page 80 served 
as an inventory for materials I labeled "10-80" and put into storage. The entry reflects that I 
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prepared acrylamide purified pGEM-PCR fragments and the agarose purified 4T2-pGEX 
vectors, which corresponds to the work I conducted during the previous week. 

7. Page 83-85, Notebook 26610 

67. I recorded and conducted the activities described on pages 83-85 on April 3 and 4, 

1 997 as reflected by the dates I recorded on those pages next to my signature. The experiments 
described on pages 83-85 involve cloning experiments to place the DD2-GST fusion inserts into 
another type of pGEX vector. 

68. At the top of page 83, 1 recorded the title of this experiment "4T2-pGEX DD2 
Clones" and "6P2-pGEX DD2 Clones" and made several notebook entries relating to the 
experiments as reflected in the image of a portion of page 83 below. 
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69. As reflected in the image above, the purpose of this experiment was to subclone 
EcoRl-DD2-XhoI fragments from PGEM into a 6P2-pGEX vector. I note that I also cloned 
DD2-GST fragments into additional 4T2-pGEX vectors in this experiment. pGEX is an E. col\ 
plasmid vector and pGEX-6P vectors permit site-specific cleavage and simultaneous purification 
on glutathione sepharose. The 6P2-pGEX vector was different from the 4T2-pGEX vectors I 
prepared earlier. 

70. At the middle of page 83, I made additional entries as reflected in the image of a 
portion of page 83 below: 
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71 . The entries I made on page 83 in the image above reflect the materials I used in 
the subcloning experiments. I used clone numbers 5 and 54, which I previously cloned into 
separate pGEMT vectors as I first described on page 70. 

72. Under the "Procedure" entry at the middle of page 83, 1 listed the procedures that 
I followed to digest the 6P2-PGEX and 4T2-PGEX vectors in preparation of the cloning 
experiment and the specific reagents that I used. I digested both the 6P2-pGEX and 4T2-pGEX 
vectors with EcoRl and Xhol and ran the digested products on a 1% agarose gel for two hours at 
37°C. I "cleaned up" the digest products from the gel I ran with a Qiaquick purification system, 
which is a commercially available gel purification kit. 

73. Following the digests and purification, I obtained purified "host" vectors 6P2- 
pGEX and 4T2-pGEX to receive DD2-GST DNA inserts which would be digested using the 
same restriction enzymes thereby yielding an insert that would readily ligate into the 6P2-pGEX 
and 4T2-pGEX vectors. 

74. The next step I conducted was to digest the "donor" pGEMT clones (numbered 5 
and 54) to obtain the DD2-GST insert for the pGEX vectors. 

75. At the top of page 84, 1 made the following entry as reflected in the image below: 
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76. My entries in the image of page 84 above reflect that I digested pGEM-T clones 
(#5 and #54) as described on page 83 for the pGEX vectors (i.e., using the same restriction 
enzymes EcoRl and Xhol), ran the digests on a gel, and purified the fragments using a Qiaquick 
gel purification system. 

77. At the top of page 84, 1 made the following entry: 
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78. The entry I made at number "3." on page 84 reflects that I ligated overnight the 
purified DD2-GST fragments, obtained from the pGEM digests, into the previously prepared 
4T2-pGEX and 6P2-pGEX vectors. I listed the reagents I used and the reaction conditions I 
followed in the ligation experiment at the middle of page 84 under the number "3." entry. 
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79. At the bottom of page 84, and top of page 85, at entry "4." I noted that I 
transformed the newly ligated vectors into DH10B (E.coli) cells for one hour and plated the 
transformants on "LB" agar plates supplemented with the selection antibiotic carbenicillin. 
Transformants that survived on the selection media contained the vector which carried the gene 
conferring antibiotic resistance to transformed bacterial cells. I recorded the transformation 
conditions I followed at the bottom of page 84. 

80. Following the transformation, I allowed the bacterial cells to incubate overnight at 
37° Celsius. ("O/N at 37°C). Following incubation of the cells overnight, I identified positive 
clones for the 6P2-pGEX constructs and conducted a confirmation digestion on eighteen clones 
of each of the 6P2-pGEX constructs I made. This experiment allowed me to confirm that the 
clones contained the expected DD2-GST inserts. These activities and the reagents I used in the 
digest are reflected in the image of the portion of page 85 at item "5." set forth below. 
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81. I note that although page 85 is dated April 3, 1997, 1 conducted the confirmatory 
digest described at item "5." on page 85 on April 4, 1997 because I allowed the transformed 
bacterial cells to incubate overnight starting on April 3, 1997. 

82. I attached photographs of the three gels from the confirmatory digests I conducted 
to page 85 and wrote the following conclusion at the bottom of the page: "Conclusion: 
Subcloning was successful. All clones positive." This entry reflects that I successfully cloned 
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the DD2-GST fusion protein into the 6P2-pGEX vector. These newly constructed pGEX vectors 
containing the DD2-GST fusion construct were now available for use in experiments. 

83. From April 7-9, 1997, 1 attended a scientific conference and did not conduct any 
laboratory activities on these days. 

8. Pages 86-90, Notebook 26610 

84. I recorded and conducted the activities described on pages 86-90 on April 10 and 

1 1 , 1997 as reflected by the dates I recorded on those pages next to my signature. 

85. The purpose of the experiments I recorded on pages 86-90 was to confirm that the 
DD2-GST expression vectors I constructed as described on pages 83-85, were functional. I 
transformed E. coli with the pGEX plasmids I prepared containing the DD2-GST fusion. I then 
assayed the amount of GST present in the supernatant of the bacterial cells after sepharose 
purification, using a commercially available assay kit (CDNB assay). The CDNB assay is a 
colorimetric assay measuring the conjugation of CDNB to reduced glutathione. The protocols I 
followed, and the results I obtained, are set forth on pages 86-90. 

86. I taped a typed protocol titled "Expression of GST fusions in E. coli 5 ' to page 86 
which lists the steps I followed to 1) transform E. coli cells (under "Procedure; A. Growth and 
Extraction"); and 2) purify the GST fusion proteins expressed by the bacteria using GST- 
Sepharose resin (under "B. Purification). 

87. I noted at the top of page 86 that "Expression: 0.659 when IPTG was added A 60 o" 
reflecting that the bacteria were grown to a density having an absorbance of 0.659 at the time 
Isopropyl-B-D-thiogalactopyranosid (IPTG) was added to the cells. This is consistent with 
entries 1-3 in the protocol I taped to page 86 and reflected in the image below. 
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Expression of GST fusions In E.ColI 

Materials: 
Ice Cold PBS 
2YT/Carb 

IPTG (200 mM) Genentech Stock. This 200x off the shelf. 

20% Triton X 100. Prepare from 100% stock at least 1 hour ahead 

Procedure 

A. Growth and Extraction 

1. Inoculate 100 mL of 2YT with a colony of E.coli cells containing 
pGEX plasmid and incubate overnight at 37 degrees C. 

2. Warm 2YT/carb media to 37 degrees C and dilute the stock E.Coli 
1:100 and grow to A600 of .5*2. 

3. Add IPTG 1:2000 and incubate an additional 2-6 hours 

4.. Transfer to 500 ml bottles and centrifuge for 10 minutes at 
7,700 g. (GS-3 at 7000 rpm) at 4 degrees C. 

5. Drain the pellet and place on Ice immediately. 

6.. Resuspend the pellet in ice cold PBS, 50 ml per Liter of original 
culture volume. Transfer to 50 mL corneals- 

7. Adjust volume of suspension to about 40 ml per tube. Sonicate on 
ice twice for 25 seconds on #5 using the large probe. Save an 
aliquot of the sonicate for GST CONB assay at this point. Assay 
bacteria from pre-sonicate along side sonicate to see that the 
protein has been released. 

8. Add 20 % Triton X-100 to a final concentration of 1% (2 6 mL per 
50 mL of sonicate). Mix gently for 30 minutes at 4 degrees C. 

9. Transfer to Oakridge tubes and spin at 12,000 g for 10 minutes 
at 4 degrees C. 

10. Transfer the supernatant to 50 ml conicals. This can be frozen 
at this step. 



B. Purification 

1. Preparation of 50 % slurry ( will need: 1 ml of GST-Sepharose 
50% slurry for each Liter of original culture volume). 

A. Gently shake the battle of gel to resuspend. 
B, Plpoite 1.33 ml of slurry lor each liter of original culture volume. 
C. Sediment the gel by conirifuglng a! 500 g for S minutes. 
O. Wash each 1.33 mL of slurry with 10 mL of cold PBS and repeat centttfugallon. 
E. For each 1.33 mL of slurry fesuspend with 1 mL of PBS to yield a final 
concentration of 50% slurry. 



2. Add slurry to the supernatant (1 mL of slurry for each liter of 
original culture volume) and incubate with gentle agitation at RT for 
30 minutes. 

3. Centrifuge at 500 X for 5 minutes to sediment the gel. Remove 
the supernatant and save for assay. 

4. Carefully load gel onto a column. Do not trap air bubbles 

5. Gravity wash 3x 10 mL with PBS per ml of resin . Check flow- 
through with Bradford (Note BCA and Lowry cannot be done here 
after because of the presence of glutathione). 

6. Elute with 1 mL of Glutathione Elution Buffer per 2 ml of 50% 
slurry. Add directly to the column and mix with resin. Let stand at 
RT for 10 minutes then drip through into clean eppendorf tubes. 

7. Repeat elution at least twice. Peak elution may not be the first 
one, so these repeated elutions may be critical.. Place fractions on 
ice immediately and assay be CDNB and Bradford. 




88. I then followed the remainder of the steps recited in the protocol I taped to page 
86 to grow, extract, and purify the GST proteins obtained from the bacteria I inoculated with the 
vectors containing the DD2-GST fusions. 

89. At the top of page 87, 1 recorded the title of the experiment: "GST-DD2 
Expression & Purification CDNB Assay." The CDNB assay is a commercially available assay 
kit used to evaluate the GST content in samples and I taped the protocol I followed to page 89. 
The CDNB reagent reacts with the GST protein and causes a shift in the absorbance of samples 
containing GST protein. 

90. I recorded the absorbance values on page 87 for samples containing both the 
GST-DD2 short and long fusion proteins. The data is set forth in the image from page 87 below. 
The first column on the left under "sees" reflects the number of seconds at which I assayed the 
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sample tubes containing the GST fusion proteins. The second column under "GST DD2-short" 
reflects the absorbance values at 340 nanometers measured at each time point for the GST-DD2 
short sample. The third column under the "Long" entry reflects the absorbance values at 340 
nanometers measured at each time point for the GST-DD2 long sample. 

91 . I taped a plot of the time course (in seconds) of the CDNB reaction (x -axis), 
versus the absorbance of the sample (y axis) to the right side of page 87. This plot, and the 
results of the experiment, reflects that the DD2-GST samples I prepared contained the GST 
fusion protein, therefore the DD2-GST expression constructs I made were functional. 

92. Following confirmation of the presence of the GST fusion proteins in the samples 
using the CDNB assay I purified the GST fusion proteins using the protocol I taped to page 89. 

93. At the top of page 89, 1 recorded the title of the experiment as "GST-DD2 
Expression & Purification CDNB Assay." In addition to the CDNB assay protocol, I attached 
the protocols I followed to 1) prepare glutathione sepharose beads (bottom of page 89); and 2) 
purify the DD2-GST fusion proteins (page 90) I prepared. 

94. I followed the sepharose preparation protocol I taped to page 89 to prepare the 
slurry used to isolate the GST fusion proteins. The GST portion of the fusion proteins would 
bind to the sepharose resin and allow for purification of GST proteins by passing the bacterial 
samples over the sepharose preparation and conducting a series of washes of the mixture. 

95. I followed the purification protocol that I taped to page 90 to purify the GST 
fusion proteins from the bacterial samples. I purified pooled "long" and "short" GST proteins 
into four samples for the short and long GST fusions (labeled Si through S 4 for "short" and Li 
through L4 for long). I retained the samples I eluted from the sepharose column and planned to 
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conduct a protein detection assay (e.g., Biorad) and run aliquots of the samples on a gel and 
subject the samples to silver staining to confirm the presence of the DD2-GST fusions 

96. Following obtaining the four elution fractions from the DD2-GST purification, I 
conducted an assay to measure the total protein content of the supernatants obtained from the 
bacterial cells I transformed with the DD2-GST fusions. I recorded these activities on page 88 
and recorded the title of the experiment as "Biorad on GST Material" 

97. "Biorad" is a designation for a protein assay kit available from a company called 
Biorad. Generally, the Biorad assay is a colorimetric assay wherein a sample is placed into a 
spectrophotometer and the light absorbance of the sample is measured. The greater the 
absorbance of a sample at a given wavelength, the greater the protein concentration in that 
sample. Protein standards (e.g., BSA) are used to provide absorbances for known protein 
concentrations. The protein concentration in samples having an unknown protein content can 
then be predicted using the protein standards. 

98. On page 88, 1 made the entries set forth in the image below. 
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99. The entries under "BSA" mg/ml" reflect the concentration of the serial dilutions 
of the protein standard I used to generate a standard curve for the protein. I measured the 
absorbance of the standards at 595 nm of BSA and recorded the absorbances for the standards 
under the "Abs 595" entry. 
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100. The entries labeled Si through S 4 , followed by "1 : 10", correspond to the four 
elution fractions of GST-DD2-Short fusion protein diluted to a concentration of 1 : 10, and the 
entries labeled Lj through L 4 , followed by "1:10" correspond to the four elution fractions of 
GST-DD2-Long fusion protein diluted to a concentration of 1 : 10. 

101 . To the right of the fractions labeled Si through S4 and Li through L 4 , 1 recorded 
the corresponding absorbance values for each of the samples. 

1 02. At the far right side of page 88, 1 recorded the calculations I used to determine the 
protein concentration in each of the fractions corresponding to Si through S 4 and Li through L 4 . 

I calculated and listed the predicted concentrations of each sample under the entry "mg/ml" at 
the right side of the middle of page 88. 

103. At the bottom of page 88,1 calculated the total yield of protein (accounting for the 
0.75 ml sample volume as reflected by the "x.75" entries), and recorded the total yield of 
proteins for the fractions under the "totals" entry at the bottom of page 88. 

1 04. I noted at the bottom of page 88, that the sum of total protein for elution fractions 
Si through S 4 was 2.65 mg and the sum of total protein for samples Li through L 4 was 4.56 mg. 

9. Page 91, Notebook 26610 

105. 1 recorded and conducted the activities described on page 91 on April 15, 1997. I 

note that I wrote April 15, 1996 on page 91; however, the date should be April 15, 1997. 

106. I recorded the title of the experiment on page 91 as "Silver Stain of GST-DD2 
Protein" reflecting that I conducted a silver stain of small amounts of GST-DD2 fusion proteins 
that I ran on a gel. Silver stain binds to proteins and is a useful technique to confirm the 
presence of proteins such as the GST-DD2 proteins I eluted from the sepharose column as 
described on pages 89-90. 
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107. At the middle of page 91, 1 attached a photograph of the silver stain gel containing 
samples Si through S 4 (lanes 8-11) and Li through L 4 (lanes 3-6). Lanes 1 and 2 contained 
molecular weight markers and lanes 7 and 12 were empty as reflected in the description of the 
gel contents that I made at the bottom of page 91. 

108. The results from the silver staining experiment confirmed that the expected size of 
the DD2-GST fusions were present in the elution fractions I prepared. The short form of the 
DD2-GST had a molecular weight of approximately 35 kilodaltons ("35kd") whereas the long 
form of the DD2-GST fusion had a molecular weight of approximately 40 kilodaltons ("40kd"). 

I recorded these results toward the bottom of page 91 . 

10. Page 96, Notebook 26610 

109. I recorded and conducted the activities described on page 96 between April 16 

and 18, 1997. There is no date on page 96, however the experiment I started on page 96 is 
further described on page 1, of my notebook 27510 which I dated April 1 8, 1997. 

1 10. The experiment on page 96 is the start of a new series of experiments using 
plasmids that Scot Marsters provided to me that contained DNA encoding an Apo-2 receptor- 
Flag fusion insert. At approximately this time, the nomenclature used in the Ashkenazi lab to 
refer to the Apo-2 molecule began to shift from "DD2" to "Apo-2." 

111. At the top of page 96, 1 made the following entries: 
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112. The entries above reflect that I quantified the amount of plasmid I received for 
each of the plasmids numbered "21", "38", "56", and "81" (corresponding to my numbering 1, 2, 
3, and 4, respectively). I recorded the absorbance of the plasmid preparations at 260 nanometers 
("A 2 6o") and estimated the concentration for each plasmid. Scot Marsters provided the 
designations for the plasmids numbered "21", "38", "56", and "81." 

113. At the middle of page 96, 1 made the entries in the image below reflecting that I 
ethanol precipitated the plasmid samples and re-solubilized the DNA precipitate in distilled 
water. 



114. 1 conducted these activities as preliminary quality control activities using these 
plasmids prior to beginning any additional work using the plasmids. I noted at the bottom right 
of page 96 "1 of 27510" reflecting that page 1 of my notebook 27510 contained additional 
entries relating to the plasmids described on page 96. 

B. Relevant Entries From Notebook Number 27510 (ADE-21) 
1. Page 1, Notebook 27510 

115. I recorded and conducted the activities described on page 1 on April 18, 1997. I 

note that 1 wrote April 18, 1996 on page 1; however, the date should be April 18, 1997. 

1 1 6. The title of the experiment I described at the top of page 1 is "Apo2-ECD-Flag[g] 
In Vitro Translation of." 

117. At the top of page 1, 1 wrote "Purpose: to look at in vitro translation of AP02- 
ECD Flag[g] Constructs 26610-96" reflecting that the purpose of the experiment was to evaluate 
the in vitro translation of Apo-2-ECD-Flag Constructs which I described on page 96 of my 
notebook 26610. 



27 



118. At the top of page 1, 1 wrote that plasmid numbers 21,38, 56, and 81 "were all 
diluted to 133 ug/ml and used in the reticulocyte lysate TNT assay" indicating that the plasmids 
Scot Marsters gave me were subjected to an in vitro translation assay to express the proteins 
encoded in by the DNA in the plasmids numbered 21, 38, 56, and 81. 

119. Following translation of the plasmids, I precipitated the lysate using a Flag- 
specific antibody. The Flag-specific antibody bound to the Flag portion of the fusion protein 
encoded by the plasmids Scot Marsters gave me and allowed for isolation of proteins expressing 
a Flag epitope. 

120. I recorded the specific incubation and washing conditions at the middle of page 1 
and further noted that following precipitation I ran the samples on a "4-20% gradient and SDS- 
PAGE." I exposed the gel and noted at the bottom of page 1 that "All have translated #38 looks 
less, but is an artifact of lower load due to lab spill" reflecting that all of the plasmids Scot 
Marsters provided to me were successfully translated (although plasmid #38 appeared to produce 
less protein due to spillage of the sample before running the gel). 

2. Page 2, Notebook 27510 

121. I recorded and conducted the activities described on page 2 on April 21, 1997. 

122. I recorded the title of the experiment on page 2 as "Pulldown." 

123. I wrote the following at the top of page 2: "I. Purpose: to precipitate AP02L 
bound to in vitro translation expressed material." My entry reflects that the purpose of this 
experiment was to precipitate Apo-2 ligand bound to the AP02-ECD-Flag in vitro translated 
products that I made on April 1 8 and described on page 1 of my notebook. 

124. I made the following entries at the middle of page 2: 
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125. The entries in the image above reflect that I set up an experiment where I added 
AP02 ligand ("APO") at a concentration of "10ug/ml" to various fusion proteins (e.g., DD2- 
ECD in sample 1). 

126. The entries under "ppt" for samples 1-8 reflect that I used a nickel ("Ni 2+ ") 
column to try to precipitate the various proteins, some of which I incubated with AP02-ligand. 
The Apo-2 ligand had a poly-histidine tag fused to it allowing use of a nickel column to bind 
AP02-ligand bound to the AP02/DD2 receptor. 

127. I used a Flag specific antibody to try to precipitate proteins containing a Flag 
epitope for samples 9 and 10 as reflected by the "a-Flag" entry I made next to samples 9 and 10. 

128. I did not record any results for this experiment in my notebook reflecting that the 
experiment was not successful. 

3. Pages 4-5, Notebook 27510 

129. I recorded and conducted the activities described on pages 4 and 5 on April 24, 

1997, as reflected by the date I recorded on those pages next to my signature. 
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130. I recorded the title of the experiment at the top of page 4 as "Purification of Flag 
DD2." Additionally, at the top of page 4, 1 wrote "Purpose: to purify flag-DD2 for binding 
experiments. 55 These entries reflect that the purpose of the experiment I conducted and described 
on page 4 was to purify DD2-Flag fusion proteins. Scot Marsters provided me with the DD2- 
Flag fusion proteins (from cell supernatants) that I purified in this experiment. 

131. At the middle of page 4 under the "procedure 55 entry that I made, I recorded the 
seven step purification protocol I followed. Generally, the procedure involved preparing a 
chromatography column containing a resin to which 1 then added the supernatants containing the 
DD2-Flag fusion proteins. I washed the column and eluted the protein fractions with 0.1 molar 
glycine at pH 3.5 at one minute intervals. I then assayed the collected fractions by measuring the 
absorbance of the fractions at 280 nm and ran a gel followed by silver staining of the fractions. 

132. I taped the printout containing the chromatography results on page 5 of my 
notebook. At the middle of the printout, I wrote "Flag ECD DD2' 5 and drew an arrow pointing to 
the first peak on the printout (reading from left to right). This entry reflects that this peak 
corresponds to the expected fraction containing the purified Flag-ECD-DD2 fusion protein 
indicating that the experiment was a success. 

4. Pages 8-10, Notebook 27510 

133. I recorded and conducted the activities described on pages 8-10 on April 29, 1997 

as reflected by the date I recorded on those pages next to my signature. 

134. At the top of page 8, 1 recorded the title of the experiment as "Apo2-IgG- 
Purification. 55 I wrote "Purpose: to prepare purified IgG-AP02 55 reflecting that the purpose of 
the experiment was to prepare purified fusion proteins made up of the AP02 receptor fused to an 
IgG fragment from an antibody. 
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135. At the top of page 8, 1 made the following entries under "Materials" as reflected 
in the image below. The entries reflect that I received one liter of transfected supernatant from 
Scot Marsters on April 28, 1997. The supernatant contained the Apo-2-IgG fusion proteins that I 
purified in this set of experiments. These entries also reflect that I used "Repligen", which is a 
resin used to purify proteins having IgG moieties, in the purification experiment. 

\& (/^^^^v ^ rvi^JnnL ^y^^^ /^Q O n^J fair l&c^dl 

136. At the middle of page 8, 1 wrote "Procedure" and listed the four steps that I 
followed when I conducted the purification of the AP02-IgG fusions. I ran the samples over the 
Repligen purification column according to the procedure I wrote on page 8. 

137. I taped the chromatography printout I obtained from the purification described on 
page 8, to page 9 and labeled the printout "AP02-IgG" with a date of "4/29/97." The first large 
peak, reading from left to right, corresponds to the purified AP02-IgG fraction. 

138. On page 1 0, 1 conducted a confirmatory total protein assay using the AP02-lgG 
fusion fraction I purified as described on pages 8 and 9. 

139. I recorded the title of the experiment as "Purification AP02-IgG " The purpose 
of the assay was to determine the total protein yield in the fraction containing the purified AP02- 
IgG fusion protein. 

140. To evaluate the protein content in the fraction, I conducted a Bradford assay, 
which is the generic name for the Biorad assay which I described earlier. Briefly, I added a 
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reagent to the fraction samples (labeled 6, 7, and 8 at the top of page 10) and measured the 
absorbances of the samples in a spectrophotometer at 595 nanometers. I compared the 
absorbances of the samples with the absorbances of a BSA protein standard curve. Based on the 
data available from the BSA standard curve, I was able to perform calculations and predict the 
protein content in the samples. 

141 . Based on the data I recorded on page 1 0, I predicted that the total yield of Apo-2 
IgG fusion protein was 5.68 mg. I recorded my calculations and results at the bottom of page 10. 

5. Page 17, Notebook 27510 

142. I recorded and conducted the activities described on page 17 on April 29, 1997 as 

reflected by the date I recorded on that page next to my signature. 

143. I recorded the title of this experiment as " 125 I-Apo-2-L Binding to Apo-2 IgG and 
Apo-2 Flag" reflecting that the experiment I described on page 17 is a binding experiment to 
evaluate the interaction of radiolabeled Apo-2-L with the Apo-2 receptor-IgG fusion protein and 
the AP02-FLAG fusion proteins. 

144. The grid at the top portion of page 1 7 is a schematic of a 96 well microtiter plate 
which I used in these solid-phase type binding experiments. I wrote "APO-IgG" above columns 
1-6 and "DIM" above columns 7 and 8, reflecting that I would include Apo-2-IgG and DR4 in 
those respective wells. 
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145. At the middle of page 17, 1 listed the concentration and dilutions of a FLAG- 
specific antibody ("a-FLAG"), which was specific for the FLAG portion of the AP02-FLAG 
fusion protein, and a goat anti-Fc antibody, which was specific for the IgG portion of the AP02- 
IgG fusion protein. 

146. At the bottom of page I listed the dilutions of both the non-radiolabeled Apo-2-L 
("cold") and the dilutions of the radiolabeled Apo-2-L ("hot"). Generally, the cold ligand is used 
to compete with hot ligand to determine whether the ligand specifically binds to the receptor. 

147. My notebook entries ended abruptly and I did not record any results for this 
experiment reflecting that the experiment was unsuccessful. 

6. Page 21-26, Notebook 27510 

148. The activities described on pages 21-26 were recorded and conducted on May 1 , 

1997 as reflected by the date I recorded on those pages next to my signature. 

149. The experiments described on pages 21-26 all relate to conducting binding studies 
using a radiolabeled AP02-ligand and an AP02-IgG fusion protein. The fusion protein I used is 
the same as the one I purified from the supernatants Scot Marsters provided to me on April 28, 
1997. 
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1 50. I recorded the title of the experiment on page 21 "Apo-2L Iodination." I also 
wrote "Purpose to lactoperoxidase label AP02L" reflecting that my activities were directed to 
radiolabeling the AP02-ligand with radioactive iodine ( 125 I) using the lactoperoxidase method 
for iodination. 

151. At the top of page 21 next to entry "A.", I made and recorded my calculations to 
determine the molar concentration of AP02L to be used in the iodination reaction. I wrote next 
to entry "B.'\ "See following page for iodination procedure and calculation" reflecting that page 
22 contained the lactoperoxidase protocol and the calculations I used to make the radiolabeled 
AP02L. 

1 52. I taped the lactoperoxidase protocol sheet to page 22. I wrote AP02L next to the 
"Protein" entry on the sheet reflecting that I used the AP02L protein in the iodination reaction. I 
followed the procedure set forth under the "Procedure" section to make the labeled AP02L and 
recorded my calculations that I used to conduct the reaction at the bottom of page 22. I wrote 
"5/1/97" next to the "Date of Iodination" entry at the bottom of the protocol reflecting that I 
made the radiolabeled AP02L on May 1, 1997. 

1 53. Once I made the AP02L label, I then conducted AP02-IgG-AP02L binding 
experiments as described on pages 23-26. 

1 54. At the top of page 23, 1 recorded the title of this experiment as "Apo2-IgG/Apo-2- 
LI 125 Binding Assay." I also wrote "L Purpose: to bind AP02LI 125 to AP02-IgG in vitro" 
reflecting that the purpose of the experiment was to evaluate the binding of the radiolabeled 
AP02L to the AP02 receptor-IgG fusion protein. 

1 55. At the middle of page 23, I made and recorded my calculations for both the "hot" 
and "cold" AP02L. I noted that the final concentration of hot ligand was 65 picomolar 
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("65pM"). The purpose of using cold (non-labeled) ligand is to compete with the hot ligand to 
evaluate the dissociation constant (Kd) of the AP02 receptor with its ligand. 

1 56. On page 24, 1 recorded additional activities directed to the binding assay I first 
described on page 23 of my notebook. I recorded the title of the experiment at the top of page 
24: "Apo-IgG/Apo-2-LI 125 Binding Experiment" reflecting that this is a continuation of the 
binding experiments described on page 23. 

157. I taped a printout of three microtiter plates to page 24 and labeled the plates as 
reflected in the image from page 24 below. The notations on the printout of the plates are my 
shorthand for the procedures that I followed in the binding experiment. A more precise 
explanation of the procedure I followed when I conducted the binding assay is set forth on the 
right side of page 25. 

158. I listed the procedure I followed to conduct the binding assay under the 
"Procedure" entry on page 25. 

1 59. At entry "1 under the "Procedure" I wrote that I coated the assay plates with a 
1 :200 dilution of "goat a-human Fc", which is an Fc specific antibody. Coating the plates with 
an Fc specific antibody facilitates binding the IgG epitope of the AP02-IgG fusion protein. The 
Fc antibody binds to the plate and then 'captures' IgG proteins incubated in the wells. The Fc 
antibody-IgG protein is then available for binding with other reagents, such as AP02L. 

160. At entry "2." under "Procedure" I wrote that I washed and blocked the plates. 
Washing removes any unbound Fc antibody and "blocking" the plates helps to reduce non- 
specific binding of other reagents added to the reaction. 
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161. At entry "3." under "Procedure" I wrote that I loaded the wells in the plates with 
"lOug/ml AP02-IgG" and incubated the plates for one hour at room temperature on a shaker. I 
expected the AP02-IgG to bind to the Fc antibody that I previously coated to the assay plates. 

162. At entry "4." under "Procedure" I wrote that I washed the plates "3X" which 
removed unbound AP02-IgG, and then added the radiolabeled AP02L and non-radiolabeled 
("cold") AP02L. I recorded the final concentration of the label as 65 picomolar on page 24 and 
used a serial dilution of cold AP02L at nanomolar concentrations to compete with the 
radiolabeled AP02L. (The concentrations are reflected in the entries at the middle plate on page 
24). 

163. At entry "5." under "Procedure" I wrote that the plates were washed "5X with 
wash buffer and then counted" reflecting that I washed the plates washed and measured the 
amount of radioactivity in each of the wells. I taped the data sheet containing the counts per 
minute ("cpm") to the left side of page 25 and taped two plots of the data I obtained to page 26. 

1 64. The data I obtained reflect that AP02L binds with specificity to the AP02- 
receptor IgG fusion protein. Both plots I taped to page 26 reflect that the cold AP02L competed 
with the radiolabeled AP02L for binding to the AP02-IgG fusion protein. This is reflected by a 
decrease in counts per minute (a measure of the amount of radioactive AP02L bound to the 
AP02-IgG fusion) as the amount of non-labeled AP02L is added. The excess of cold AP02L 
competed with the AP02L label resulting in more occupation of binding sites by cold AP02L 
than by the AP02L label and therefore, a reduction in the cpms per sample. 

7. Page 27, Notebook 27510 

165. The activities described on page 27 were recorded and conducted on May 2, 1997. 

166. The title of this experiment was "Biacore." Biacore was an approach to conduct 
receptor binding assays using biochips having the receptor crosslinked to the chip and then 
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flowing a ligand over the chip and evaluating receptor-ligand interactions. My intention in this 
experiment was to use the Biacore technology to evaluate the interactions of AP02L and AP02- 
ECD-Flag fusion proteins. 

167. At the top of page 27, 1 made the following entries as reflected in the image 

below: 
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168. The purpose of this experiment was to measure a K d (dissociation constant) for 
Apo-2-L binding to Flag-Apo2. The Biacore chips required significantly less protein to conduct 
the analyses which would help conserve resources. 

169. I wrote that the Apo2-L material was centrifuged ("spun down") and assayed for 
protein content using a Bradford Assay prior to conducting the binding assay using the Biacore 
chips. 

1 70. I did not make any additional entries for this experiment. 

8. Pages 28-29, Notebook 27510 

171. I recorded and conducted the activities described on pages 28 and 29 on May 5, 

1997 as reflected by the date I recorded on that page next to my signature. 

172. I recorded the title of the experiment as: "Solid Phase Binding Apo-2-LI 125 to 
Apo2-IgG." One of my goals in this set of experiments was to make a saturation curve for 
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AP02L binding to the AP02-IgG fusion protein. The saturation point of a receptor is when 
there are no longer available binding sites for the ligand and a saturation curve has an "S" shape. 
I taped a printout of the data I obtained and a saturation plot for the data I obtained at the bottom 
of page 29. The theory behind a saturation experiment is to use serial dilutions of the 
radiolabeled-ligand to evaluate the concentration of ligand to saturate the receptor as well as the 
amount required to reach the half saturation point or "half max." The half-max for the AP02- 
IgG receptor binding AP02L-I 125 was 5.13 nM as reflected in the plot of the data I obtained at 
the bottom of page 29. 

173. At the middle of page 28, 1 taped a printout of two assay plates, which is 
schematic of the reaction conditions I conducted for the saturation experiment. At the bottom of 
page 28 made several notes describing the saturation experiment I conducted. Under the entry 
"Saturation" I wrote the concentrations of the label I used to generate the saturation curve. I also 
noted that I "serially diluted" samples which would provide the data points for the middle part of 
the typical saturation curve, such as the one I taped to page 29. 

1 74. My calculations are recorded in the entries at the bottom of page 29 as reflected in 
the image below. 
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1 75. I made additional entries relating to the experiments on page 28, on page 29. I 
recorded the title of the experiment on page 29 as "Apo-2-LI 125 to Apo2IgG Solid Phase 
Binding." At letter "B." on page 29, 1 wrote "Calculations for competition" reflecting that I 
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conducted a binding competition experiment using the labeled AP02L and AP02-IgG fusion. I 
noted that I diluted the AP02L label ("hot") at a 1 :20 dilution and the cold at a 1 :10 dilution 
followed by a serial dilution. 

176. I conducted the competition assay and taped the raw data and a plot of the data I 
obtained to page 29 ("Competition: Apo-2-L-Apol25I/Apo2Ig"). The data reflect that the cold 
AP02L competed the AP02L label from the AP02-IgG fusion protein in a dose-dependent 
manner. 

9. Pages 32-33 Notebook 27510 

177. I recorded and conducted the activities described on pages 32 and 33 on May 6, 

1997 as reflected by the date 1 recorded on those pages next to my signature. 

1 78. The title of this experiment was "Binding DR4-IgG/Apo2IgG" reflecting that I 
conducted binding experiments using a DR4-IgG fusion as well as an AP02-IgG fusion. The 
purpose of the experiment was to evaluate the binding affinity of AP02L for the DR4-IgG and 
AP02-IgG and compare the binding characteristics of the receptors for the same ligand. 

1 79. On page 32, 1 taped a printout of two assay plates that I used for the experiments. 
I used a plate corresponding to the description of the top plate to conduct binding studies to 
evaluate the binding specificity of the AP02-IgG and DR4-IgG fusions to four different ligands: 
LTa (lymphotoxin alpha), TNF a (Tumor Necrosis Factor alpha), AP02L, and FASL (Fas 
ligand). I listed these ligands at the top of page 32. I used the plate described at the bottom to 
conduct competition studies using labeled and cold AP02L and the DR4-IgG or the AP02-IgG 
fusions. 

1 80. The ligand specificity procedure involved incubating both the DR4-IgG and 
AP02-IgG fusions with radiolabeled AP02L and then using the other non-labeled ligands above 
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to compete with the AP02L label. If the non-labeled ligands were able to compete with the 
AP02L, it would suggest that the receptor had multiple specificity for different ligands. 

181 . I attached the data from the specificity experiment to the top of page 33 and the 
data reflect that the DR4-IgG and AP02-IgG are specific for the AP02L only and not for LTa, 
TNFa, or FASL. 

182. I conducted the competition studies as I previously described. I incubated either 
the DR4-IgG or the AP02-IgG with labeled AP02L in the presence of serial dilutions of cold 
AP02L and evaluated whether an increase in the concentration of AP02L would compete with 
and displace the AP02L probe from the receptor. 

1 83. At the middle of the page I taped the raw data and a plot of the data I obtained 
from the competition studies using the AP02-IgG and the DR4-IgG. The data reflect that the 
DR4-IgG and AP02-IgG have very similar binding characteristics and that cold AP02L 
specifically binds and competes to both the DR4 and AP02-IgG fusions. 

10. Page 34, Notebook 27510 

184. I recorded and conducted the activities described on page 34 on May 7, 1997 as 

reflected by the date I recorded on that page next to my signature. 

1 85. I recorded the title of the experiment as "Repeat of Binding" and my notes include 
"APO-IgG" and "DR4-IgG" reflecting that the experiment I set up on page 34 was a repeat of 
the experiments I described on pages 32 and 33. 

1 86. I wrote that I coated the assay plates with a 1 :200 dilution of goat-anti-human Fc; 
that I added Apo2-IgG and DR4-IgG to the plates; and conducted a competition experiment. 

1 87. I did not make any additional entries relating to this experiment. 

11. Page 36, Notebook 27510 

1 88. The activities described on page 36 were recorded and conducted on May 8, 1997. 
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1 89. The title of this experiment was "Biacore" reflecting that I was attempting to use 
the Biacore chip procedure to conduct binding assays. 

190. At the middle of page 36, 1 made the following entries reflecting that I directly 
coupled the AP02-IgG fusion and the DR4-IgG fusion to individual Biacore chips. This 
involved linking the fusion proteins to the chip substrate which would then allow for subsequent 
incubation of the coupled receptors to ligands or other molecules of interest. 
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191 . I wrote "5/8 F.C 4" on page 36 reflecting that I used flow cell number 4 to couple 
the AP02-IgG and DR4-IgG proteins to the chips. 

192. The chips I prepared could be used for later binding experiments. 

12. Pages 38-39, Notebook 27510 

193. I recorded and conducted the activities described on page 38 on May 8, 1997 as 

reflected by the date I recorded on those pages next to my signature. 

194. I recorded the title of the experiment as "Solid Phase Binding" reflecting that this 
is another binding experiment. The data from the experiment that I taped to page 39 reflect that I 
conducted another competition assay. 
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195. I noted at the top of page 38 "1 :200 Goat a Fc coat in carbonate" reflecting that I 
coated assay plates with a goat anti-Fc antibody. This is the same antibody that I used in all the 
solid phase binding experiments as the "capture" antibody to bind to the IgG portion of the 
AP02-IgG fusion or the DR4-IgG fusion. 

1 96. I wrote "both receptors" at the top of page 38 reflecting that I used both the DR4- 
IgG and AP02-IgG fusions in this experiment. This is confirmed by the data sheets I taped to 
page 39 that I labeled with the DR4-IgG or AP02-IgG designations. I used three different 
concentrations for each receptor in the binding experiments to evaluate the effect of receptor 
concentration on ligand binding characteristics. 

197. As I described above, page 39 contains the data I obtained from these 
experiments. At the top of the page is the raw data and at the bottom are two plots of the data I 
obtained. I labeled the plot at the bottom left of page 39 "Competition Curves for AP02L-I125 
Binding to AP02-IgG " The data in the plot reflect that AP02L competes with the AP02L label 
in a dose dependent manner and that receptor concentrations I used in the experiment (20ug/ml, 
10ug/ml ? and 5ug/ml) has little effect on the binding characteristics of AP02L to the AP02-IgG 
fusion. 

198. I labeled the plot at the bottom right of page 39 "Competition Curves for AP02L- 
1125 Binding to DR4-IgG." The data in the plot reflect that AP02L competes with the AP02L 
label in a dose dependent manner and that receptor concentrations I used in the experiment 
(20ug/ml, lOug/ml, and 5ug/ml) has little effect on the binding characteristics of AP02L to the 
DR4-IgG fusion. 
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13. Pages 40-42, Notebook 27510 

199. I recorded and conducted the activities described on pages 40 and 41 on May 9 

11, and 12, 1997, respectively, as reflected by the dates I recorded on those pages next to my 
signature. 

200. At the top of page 40, 1 recorded the title of this experiment as "Biacore Apo-2-L 
in an Apo2-IgG " I also wrote "Purpose: to determine KD of AP02L to APO-IgG" reflecting 
that the purpose of the experiment was to use the Biacore procedure to determine the K<j 
(dissociation constant) of AP02L from the AP02-IgG fusion. 

201 . At the middle of page 40, 1 recorded the reaction conditions I followed for the 
Biacore procedure and the dilutions of the AP02L I used to flow over the Biacore chips. 

202. After a recent review of my records, it appears that I did not advance this 
experiment any further. 

203. I noted at the top of page 41 "This is essentially a repeat of the previous" and I 
listed the serial dilutions of AP02L at samples numbered 1 through 8 at the top of page 41 . I 
wrote "FC4" reflecting that I used flow cell number 4 to conduct the experiment. 

204. After a recent review of my records, it appears that I did not advance this 
experiment any further. 

205. I noted at the top of page 42 "FC4 again AP02IgG -900 RN" and I listed the 
serial dilutions of AP02L at samples numbered 1 through 8 at the top of page 42. This entry 
reflects that I repeated the experiments I described on pages 40 and 41 . 

206. After a recent review of my records, it appears that I did not advance this 
experiment any further. 
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V. Conclusion 

207. I declare further that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of any 
patents issuing from the above-identified application. 
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DECLARATION OF JAMES SHERIDAN, Ph.D 



I, James Sheridan, declare and state as follows: 
I. Introduction and Background 

1 . I am a citizen of the United States and presently reside in Mountain View, 
California. 

2. I am currently employed by Protein Design Labs, Inc. as a Staff Scientist in the 
Translational Medicine Department. 

3. I received my Bachelor's of Arts degree in Chemistry and Biology from Sonoma 
State University. I received my Doctor of Philosophy in Pharmacology from Stanford University 
School of Medicine. My doctoral studies defined critical cell cycle events preceding the onset of 
apoptosis when tumor cells are treated with commonly used chemotherapeutic agents. 

4. I was a Post-Doctoral Scientist at Genentech, Inc., South San Francisco, CA 
("Genentech") in the Department of Molecular Oncology from September 1995 through July 
1998. The focus of my research was the isolation/characterization of novel receptors and ligands 
in the Tumor Necrosis Factor (TNF) family. 

5. Dr. Avi Ashkenazi was my supervisor during the time period September 1995 
through July 1998. 

6. In this declaration, I refer to pages in my laboratory notebooks submitted as ADE- 
22 and ADE-23. 

7. The handwriting on the cited notebook pages is my handwriting, unless otherwise 

noted. 

8. The descriptions I provide in this declaration include images from portions of my 
notebook pages. The notebook pages are reproduced in their entirety in the exhibits submitted 
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herewith. The images embedded in this declaration are accurate reproductions of the notebook 
pages and are intended to help guide the reader in considering my notebook entries. 

9. I understand that Genentech intends to file this declaration at the United States 
Patent and Trademark Office to establish activities that occurred prior to March 17, 1997, and up 
to May 15, 1997. I understand that March 17, 1997, is a date by which another company filed a 
patent application relating to the Apo-2 receptor (also known as DR5) and that May 15, 1997, is 
the date on which Genentech filed a patent application relating to the Apo-2 receptor. Dates 
preceding March 17, 1997, on documents cited in this declaration have been redacted. 

1 0. In this declaration, I provide the following: 

a. An overview of the personnel with whom I interacted at Genentech 
during my employment during the years 1995-1998; 

b. An overview of the types of experiments that I conducted while 
working for Dr. Ashkenazi; and 

c. A detailed description of my activities relating to the work I 
conducted using the Apo-2 receptor. 

II. Overview of the Personnel With Whom I Interacted At Genentech 

11. In the course of my work during 1995-1998, I routinely interacted with several 
Genentech scientists including: Dr. Ashkenazi, Scot Marsters, Maya Skubatch, and Robert Pitti. 
I routinely discussed my work and experimental results with these scientists during our 
interactions in the close proximity of the Ashkenazi lab. These scientists, including Dr. 
Ashkenazi, would also discuss their results and objectives with me. 

12. Prior to March 17, 1997, 1 understood that Dr. Ashkenazi was searching for 
receptor molecules in the TNF family. I understood that Dr. Ashkenazi was searching for novel 
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receptor sequences based on structural similarities to previously identified receptors in the TNF 
family (e.g., Apo-3 and Fas), including sequences for 1) cysteine-rich regions in the extracellular 
domain, 2) a transmembrane domain; and 3) an intracellular region containing a death domain. 

13. I recall that prior to March 17, 1997, Dr. Ashkenazi searched an Incyte sequence 
database and identified DNA sequences that he considered to be similar to the sequence of the 
Apo-3 receptor. 

14. Prior to March 17, 1997, 1 clearly understood Dr. Ashkenazi's objectives 
regarding the newly identified receptor molecules. I worked in the Ashkenazi laboratory and Dr. 
Ashkenazi and I often discussed the progress of my research and his research objectives. At that 
time, I understood that upon identifying a novel receptor sequence, Dr. Ashkenazi planned to 
conduct cloning and expression experiments as well as to prepare a fusion protein (Apo-2-IgG 
(immunoglobulin G)) to use in binding studies. Additionally, I understood that Dr. Ashkenazi 
planned to initiate experiments to prepare antibodies against the novel receptor, including the 
preparation of agonist and antagonist antibodies that would specifically bind to the extracellular 
domain of the newly identified receptor. 

15. Specifically, prior to March 17, 1997, 1 understood that Dr. Ashkenazi had 
contemplated a method of inducing apoptosis in a DR5-expressing cell which involved exposing 
the cell to an effective amount of an Apo-2 agonist monoclonal antibody which (a) binds to a 
soluble extracellular domain sequence (amino acids 54 to 182) of an Apo-2 polypeptide and (b) 
induces apoptosis in a DR5-expressing cell. 

16. Once Dr. Ashkenazi identified sequences in the Incyte database, I recall that he 
asked Scot Marsters to design PCR primers and DNA probes based on the sequences Dr. 
Ashkenazi identified. Mr. Marsters designed the primers, designated them "DD" primers and a 



3 



"DD" probe, and asked a research associate collaborating with the Ashkenazi laboratory, 
Lakshmi Ramakrishnan, to screen various cDNA libraries and isolate clones having structural 
similarities to the sequences Dr. Ashkenazi identified. 

17. At this time, I was informed by Dr. Ashkenazi or Scot Marsters that Ms. 
Ramakrishnan isolated a clone designated "DD2." The "DD2" designation is a reflection of Scot 
Marsters' probe designation ("DD") and number "2" was the second positive clone (out of four) 
identified by Ms. Ramakrishnan. 

1 8. Prior to March 17, 1997, based on the available information relating to the Apo-2 
receptor, Dr. Ashkenazi had fully contemplated the idea that monoclonal antibodies could be 
prepared that would specifically bind to the extracellular domain of the Apo-2 receptor and that 
such antibodies could be agonists of the Apo-2 receptor. I knew this because the development of 
monoclonal antibodies against the Apo-2 receptor was openly discussed among the scientists in 
the Ashkenazi laboratory. 

19. Prior to March 17, 1997, Dr. Ashkenazi also understood that a possible agonistic 
effect of such an antibody would be the induction of apoptosis in the cell, but that other agonistic 
functions were also possible. 

III. Overview Of My Work Relating To The Apo-2 Receptor 

20. My work in the Ashkenazi laboratory relating to the Apo-2 receptor involved 
transfecting HeLa and 293 cells with a pRK5-based plasmid containing DNA sequences, 
including a sequence I designated 2-1 which was later determined to encode the Apo-2 receptor 
(Apo-2). My work also involved assaying transfected cells for apoptosis based on cellular 
morphology or using fluorescence- activated cell sorting (FACS). I confirmed through my 
experiments that clone 2-1 induced apoptosis in transfected HeLa and 293 cells. 
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21. The nomenclature of the 2-1 clone evolved over time. The 2-1 clone was often 
referred to by those working on the Apo-2 receptor project as "DD.2," "DD2," "DD2-1" and/or 
"DDP.2." Ultimately, once Scot Marsters determined that the receptor encoded by the 2-1 DNA 
bound Apo-2 ligand (Apo-2L), the nomenclature shifted to "Apo-2" receptor. 

22. In some experiments involving transfected HeLa cells, I included caspase 
inhibitors, such as "CRMA," "DEVD," or "ZVAD," to evaluate whether caspases were involved 
in the apoptotic signal transmitted by the Apo-2 receptor. I found that the caspase inhibitors 
CRMA, DEVD and ZVAD blocked apoptosis induction by Apo-2 in transfected HeLa cells. 

23. In other experiments, I included dominant-negative mutant forms of adaptor 
proteins, such as "FADD," to evaluate whether these dominant-negative mutant adaptor proteins 
inhibited apoptosis signaling by the Apo-2 receptor when co-transfected into HeLa cells with the 
DNA encoding the Apo-2 receptor. FADD is an adaptor protein that mediates apoptosis 
activation by CD95, TNFR1 and Apo-3/DR3. I found that co-transfection of cells with FADD- 
DN and the 2-1 construct reduced apoptosis. 

24. In addition to studying apoptosis induction by Apo-2, 1 conducted binding studies 
using Apo-2L and a purified Apo-2 receptor extracellular domain (ECD)-Flag molecule and 
analyzed whether the Apo-2 receptor-ECD-Flag fusion protein could block apoptosis induced by 
Apo-2L. I found that the Apo-2 receptor-ECD-Flag fusion protein was capable of blocking 
apoptosis induction by Apo-2L. 

25. I also studied the effects of an NFkB inhibitor, ALLN (N-acetyl-Leu-Leu- 
norleucinal) and a transcription inhibitor, cyclohexamide, on the level of Apo-2L-induced 
apoptosis in HeLa cells and analyzed apoptosis in the cells by FACS. I found that both ALLN 
and cyclohexamide increased the level of Apo-2L-induced apoptosis compared to non-treated 
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cells. The data indicated that Apo-2L induces NFicB-dependent gene expression that had a 
protective function in HeLa cells. The data also indicated that the Apo-2 receptor may mediate 
NFkB activity. 

26. I conducted DNA fragmentation analysis experiments to evaluate whether 293 
cells transfected with clone 2-1 could induce characteristic apoptotic DNA fragmentation (a.k.a., 
"DNA laddering") alone, or in the presence of caspase inhibitors and other adaptor proteins. 
DNA fragmentation into nucleosomal size repeats is a well known indicator of apoptosis and 
occurs when chromosomal DNA degrades during apoptosis. 

27. In addition, I performed a radiation hybrid (RH) panel analysis to determine the 
chromosomal localization of the human DR4 gene, a TNF family receptor that also binds Apo- 
2L. RH mapping was performed using a commercially available kit and PCR using a human- 
mouse cell radiation hybrid panel and primers based on the coding region of the DR4 cDNA. I 
found that DR4 is linked to the marker D8S2127 (with an LOD of 13.00), which maps to human 
chromosome 8p21, the same chromosome to which the Apo-2 receptor maps. 

IV. Detailed Description of My Laboratory Notebook Entries 

28. I describe my activities in general categories of experiments, Within the 
description of each category, I essentially describe my experiments in chronological order. 

A. Transfected 293 Cells Assayed by Cellular Morphology for Apoptosis 
Page 80, Notebook 26508 (ADE-22) 

29. I recorded and conducted the activities described on page 80 of Notebook 26508 
prior to March 17, 1997. I signed and dated the bottom of page 80 prior to March 17, 1997. 

30. My records reflect that Scot Marsters provided me with 293 cells transformed 
with a plasmid containing "DD" DNA and asked that I view the cells under a phase microscope 
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to evaluate whether the cells were apoptotic. This clone was referred to as "DD" because the 
sequence was thought to encode a putative death domain. Scot Marsters made this designation. 
3 1 . Across the top of page 80, 1 made the following entry: 
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32. My entries reflect that I photographed transformed apoptotic 293 cells caused by 
overexpression of a plasmid having DNA corresponding to sequences from the Incyte database. 
I taped the photographs into my notebook page which is described below. 

33. Across the middle of page 80, 1 made the following entry: 
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34. My entries reflect that, when viewed under the phase microscope, the cells 
transfected with plasmid containing "DD" DNA exhibited cellular morphology indicative of 
apoptosis. For example, the cells easily came off the monolayer on the plate and exhibited 
classic membrane blebbing, as well as disintegrating nuclear envelopes. 

35. 1 attached two black and white photographs to the middle of page 80, which are 
reproduced below. The photograph on the left depicts 293 cells that were transfected with the 



plasmid containing the "DD" DNA. I photographed the cells at high magnification. The cells 
exhibited membrane blebbing, which is indicative of apoptosis. 

36. The photograph on the right of page 80 corresponds to 293 cells that were 
transfected with a control pRK5 plasmid. These cells were not apoptotic. 




37. I conveyed my observations to Scot Marsters and Dr. Ashkenazi soon after 



conducting these experiments and confirmed that the 293 cells transfected with the DD cDNA 
were apoptotic. 

Page 82. Notebook 26508 (ADE-22) 

38. I recorded and conducted the activities described on page 82 of Notebook 26508 
prior to March 17, 1997. 

39. My entries on page 82 reflect that Scot Marsters conducted transfection 
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experiments using 293 cells and vectors containing the DD DNA. The clone designation was 
"2-1." 

40. I taped a protocol sheet onto page 82 that described the various transfections of 
the 293 cells which Scot Marsters performed. 

41 . The roman numerals at the top of the protocol sheet refer to the allocation of the 
transfected 293 cells for four types of experiments which were performed within the Ashekanzi 
laboratory: 1) 500,000 cells for FACS analyses; 2) 500,000 cells for DNA Ladder experiments; 
3) 1,000,000 cells for NFkB assay; and 4) 3,000,000 cells for SAP/c Jun assay. 

42. Mr. Marsters transfected the 293 cells by calcium phosphate precipitation, as 
described in the "Title" section of page 82, and he gave the cells to me. 

43. I assayed the transfected 293 cells for apoptosis based on cellular morphology 24 
hours post-transfection with the 2-1 DNA. 

44. I noted on the right side of the protocol sheet that apoptosis was "blocked" in 
sample number "5" corresponding to the cells co-transfected with the 2-1 construct and CRM A 
(a caspase inhibitor). My entry reflects that the 2-1 construct co-transfected with CRMA did not 
kill 293 cells following transfection, suggesting that the apoptotic signal mediated by the 2-1 
DNA is caspase dependent. 

45. The protocol sheet further reflects that Mr. Marsters co-transfected 293 cells with 
the 2-1 construct and FADD dominant negative protein ("FADD-DN (10 jig/ml)"). Mr. Marsters 
did this to evaluate whether the FADD adaptor protein mediated the apoptotic signal associated 
with the 2-1 protein. I noted that the co-transfected 293 cells with 2-1 construct and FADD-DN 
"maybe blocked" apoptosis. 

46. The protocol sheet further reflects that Mr. Marsters co-transfected the 293 cells 
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with pRKCRMA plasmid and pRK5 plasmid. I noted that the co-transfected 293 cells with the 
pRKCRMA plasmid and pRK5 plasmid "blocked" apoptosis. 

47. I did not record other results for this experiment on page 82. 
B. Transfected Hela Cells Assayed by FACS for Apoptosis 
Page 83, Notebook 26508 (ADE-22) 

48. I recorded and conducted the activities described on page 83 of Notebook 26508 
prior to March 17, 1997. 

49. My records reflect that I conducted experiments in which I transfected HeLa cells 
with DNA from clones 1-1,2-1,3-1, and 4-1, which I understood to contain DNA sequences 
from the Incyte database. As previously noted, clone 2-1 was later designated the Apo-2 
receptor. 

50. The purpose of this experiment was to determine whether caspases were involved 
in the apoptotic signal associated with the DNA in clones 1-1,2-1,3-1 and 4-1. 

51 . Another purpose of the experiment was to evaluate whether adaptor proteins, such 
as FADD, TRADD and TRAF2, were involved in the apoptotic signal mediated by the protein 
encoded by the 2-1 construct. 

52. I attached a copy of the protocol for this experiment to page 83 of my notebook, 
an image of which is provided below. 
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53. My entries reflect that I electroporated HeLa cells with 8 |ag of gene X, 8 jig of 
gene Y, 1 \i\ VARNA and 4 jag of pRKCD4. The plasmid pRKCD4 was a marker I used to 
confirm that the transfection was successful (i.e., that the cells took up plasmid DNA and now 
expressed the CD4 protein on their outer surface). I determined whether cells expressing 
plasmid encoded genes were apoptotic. I added the RNA stabilizer VARNA to increase the 
probability that all plasmid encoded genes would be expressed. 

54. Each row of the protocol reflects the DNA constructs that I transfected into each 



11 



sample of HeLa cells. For example, I transfected sample #1 of the HeLa cells with 16 |ig/ml of 
pRK5 (i.e., vector only). Likewise, I transfected sample #2 of the HeLa cells with 8 |ig/ml of 
pRK5 and 8 [ig/m\ of clone "1-1," I transfected sample #3 of the HeLa cells with 8 j^g/ml of 
pRK5 and 8 [ig/ml of clone 2-1, etc. In this protocol, samples #6 through #8 were controls I used 
for calibrating the settings on the flow cytometer. Sample #6 contained cells transfected with 
plasmid pRKCD4. These transfectants were incubated with an antibody against CD4 that was 
conjugated to PE. PE is an abbreviation for phycoerythrin, a fluorescent dye used in FACS 
analyses. Sample #7 contained pRK5 transfected cells that were stained with annexin-FITC. 
Sample #8 contained pRKCD4 transfected cells with PE conjugate and FITC conjugate. 

55. The viability of the cells was determined by fluorescence of FITC conjugated- 
annexin V binding to phosphatidyl serine (PS). PS is expressed on the outside of cells when a 
cell is undergoing apoptosis. "FITC" is the abbreviation for fluorescein isothiocyanate and is a 
fluorescent dye used for FACS analysis. FITC is a small organic molecule, and is typically 
conjugated to the protein annexin-V. The Annexin-FITC conjugate binds to PS on the outside of 
the cell membrane allowing for detection of cells undergoing apoptosis. 

56. Other vectors listed in the protocol included DNA encoding CRMA (a caspase 
inhibitor), MuFADD-DN (a murine dominant negative mutant of the FADD adaptor protein), 
HuFADD-DN (a human dominant negative mutant of the FADD adaptor protein), HuTRADD- 
DN (a human dominant negative mutant of the TRADD adaptor protein) and HuTRAF2-DN (a 
human dominant negative mutant of the TRAF2 adaptor protein). 

57. . I changed the medium of the plates 4 hours after electroporation. In future 
experiments, I added DEVD (a caspase inhibitor) 4 hours after electroporation to the plates or I 
added ALLN (an NFkB inhibitor) to the plates 4 hours before harvesting the cells. DEVD and 
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ALLN are small peptides that were added to the medium and diffused into the cells. I incubated 
the cells for 24 hours to express the transfected DNA constructs, harvested the cells from the 
plates and conducted FACS analyses. I did not conduct the transfection listed for samples #18 
and #21. 

58. I summarized my findings from the FACS analyses on the right side of page 83, 
an image of which is provided below. The percentage FITC positive staining cells that are also 
anti-CD4-PE positive cells represents the percentage of cells that were apoptotic and were also 
successfully transfected with plasmid DNA. 
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59. My entries reflect some of the results from the FACS analyses. The left column 
of the entry shows the sample number. The far right column of the entry shows the percentage 
of cells that were FITC positive, i.e., transfected cells that were apoptotic. 

60. 14.1% of the cells in sample #1 (cells transfected with pRK5 vector alone) yielded 
a background level of apoptosis. 35.4% of the cells in sample #3 (cells transfected with pRK5 
plasmid containing the 2-1 construct) were apoptotic. 12.9% of the cells in sample #9 (cells 
transfected with pRK5 vector and co-transfected with CRMA) were apoptotic, which was below 
the background percentage of apoptosis. 

61 . 11 .4% of the cells in sample #1 1 (cells transfected with pRK5 plasmid containing 
the 2-1 construct and co-transfected with CRMA) were apoptotic, which was below the 
background percentage of apoptotic cells. 48.5% of the cells in sample #14 (cells transfected 
with pRK5 plasmid containing the 2-1 construct and co-transfected with MuFADD-DN) were 
apoptotic, which shows that MuFADD-DN did not block apoptosis. 28.9% of the cells in sample 
#15 (cells transfected with pRK5 plasmid containing the 2-1 construct and co-transfected with 
HuFADD-DN) were apoptotic, which shows that HuFADD-DN may have attenuated apoptosis. 

62. 42.5% of the cells in sample #16 (cells transfected with pRK5 plasmid containing 
the 2-1 construct and co-transfected with Hu-TRADD-DN) were apoptotic, which shows that 
HuTRADD-DN did not block apoptosis. 50.8% of the cells in sample #1 7 (cells transfected with 
the 2-1 construct and co-transfected with Hu-TRAF2-DN) were apoptotic, which shows that Hu- 
TRAF2-DN did not block apoptosis. The results of samples 19 and 20 were impossible to 
interpret as corresponding control transfectants were not included in this experiment. 

63. Based on my observations from the FACS analyses, I recorded my conclusions 
across the bottom of page 83, as reflected in the image below. 
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64. My entries reflect that I concluded that, "Overexpression of 2-1 caused apoptosis. 
This could be blocked by CRMA. This could be reduced by HuFADD-DN." These entries 
reflect that cells transfected with clone 2-1 caused apoptosis, that the response could be blocked 
by the caspase inhibitor CRMA, and that the response could be reduced by co-transfection with 
the human dominant negative FADD mutant. 

Page 88, Notebook 26508 (ADE-22) 

65. I recorded and conducted the activities described on page 88 of Notebook 26508 
prior to March 17, 1997. 

66. My entry reflects that the title of the experiment described on page 88 was "Incyte 
construct 2-1." 

67. I attached a typed protocol sheet to page 88 reflecting that I conducted 
transfection experiments using the 2-1 construct and HeLa cells. The protocol is detailed in the 
sheet attached to page 88. The experiment I conducted on this page was similar to the 
experiment I conducted and described on page 83 of Notebook 26508. I evaluated the effects of 
Apo-2 on apoptosis of HeLa cells transfected with vector alone (pRK5; samples 1 and 2); vector 
(pRK5) and the 2-1 construct (samples 3-12); and the 2-1 construct alone (samples 13 and 14). I 
also co-transfected cells with a pRKCD4 construct for use in identifying those cells that had 
successfully been transfected with plasmid DNA. 

68. My entries reflect that I changed the medium of the plates 4 hours after 
electroporation. I incubated the cells for 24 hours to express the transfected DNA constructs, 
harvested the cells from the plates and conducted FACS analyses. 
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69. I did not record any results from this experiment on this notebook page. 
Page 90, Notebook 26508 f ADE-22) 

70. I recorded and conducted the activities described on page 90 of Notebook 26508 
prior to March 17, 1997. The experiment described on page 90 is similar to the experiment I 
conducted and described on page 88 of Notebook 26508. 

71 . My entry reflects that the title of the experiment described on page 90 was "Incyte 
construct 2-1 " 

72. I attached a typed protocol sheet to page 90 reflecting that I conducted 
transfection experiments using the 2-1 construct and HeLa cells. The protocol is detailed in the 
sheet attached to page 90. Specifically, the experiments I conducted on this page were designed 
to evaluate the effects of Apo-2 on apoptosis of HeLa cells transfected with vector alone (pRK5; 
samples 1 and 2); vector (pRK5) and the 2-1 construct (samples 3-12); and the 2-1 construct 
alone (samples 13 and 14). I also transfected cells with a pRKCD4 construct for use in 
identifying those cells that had been successfully transfected with plasmid DNA. 

73. My entries reflect that I added Apo-2L to the even numbered plates only and that 
I changed the medium of the plates 4 hours after electroporation. I incubated the cells for 24 
hours to express the transfected DNA constructs, harvested the cells from the plates and 
conducted FACS analyses. 

74. I recorded my results and noted the percentage of transfected HeLa cells that were 
apoptotic. Plates 7 and 8 (pRK5 (8 |ig/ml) and 2-1 construct (8 ng/ml)) appeared to have the 
highest percentages of transfected and apoptotic cells (42.6% and 50.7%, respectively). Plate 8 
contained Apo-2L, indicating that Apo-2L increased the percentage of apoptotic cells. The HeLa 
cells transfected with pRK5 vector alone (plate 1) yielded the lowest percentage of apoptosis 
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(16.6%). 

75. I taped a graph into my notebook of the percentage of apoptotic HeLa cells 
transfected with the 2-1 construct in the presence and absence of Apo-2L. The data reflect that 
there was a higher percentage of transfected apoptotic cells in the presence of Apo-2L than 
without Apo-2L, suggesting that the receptor to which Apo-2L binds mediates apoptosis. 

Page 92, Notebook 26508 ( ADE-22) 

76. I recorded and conducted the activities described on page 92 of Notebook 26508 
prior to March 17, 1997. The experiment described on page 92 is similar to the experiment I 
conducted and described on page 83 of Notebook 26508. 

77. My entry reflects that I recorded the title of the experiment described on page 92 
as "Incyte construct 2-1." 

78. I attached a typed protocol sheet to page 92 reflecting that I transfected HeLa cells 
with the 2-1 construct. Specifically, the experiments I conducted on this page were designed to 
evaluate the effects of Apo-2 on apoptosis of HeLa cells transfected with vector alone (pRK5; 
samples 1 and 2); vector (pRK5) and the 2-1 construct (samples 3 and 4); vector (pRK5) and 
CRMA (samples 5 and 6); the 2-1 construct and CRMA (samples 7 and 8); the 2-1 construct and 
murine FADD-DN mutant (samples 9 and 10); the 2-1 construct and human FADD-DN mutant 
(samples 11 and 12); the 2-1 construct and human TRADD-DN mutant (samples 13 and 14); the 
2-1 construct and human TRAF2-DN mutant (samples 15 and 16); the 2-1 construct and human 
RIP-DN mutant (samples 17 through 19); vector (pRK5) alone incubated with DEVD (sample 
20); vector (pRK5) and the 2-1 construct incubated with DEVD (sample 21); vector (pRK5) 
alone incubated with ALLN (sample 22); vector (pRK5) and the 2-1 construct incubated with 
ALLN (sample 23); vector (pRK5) alone incubated with cyclohexamide (sample 24); and vector 
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(pRK5) and the 2-1 construct incubated with cyclohexamide (sample 25). "RIP-DN" refers to the 
Dominant Negative form of RIP. RIP is an adaptor molecule that, in addition to a death domain, 
contains an N-terminal region that is homologous to Ser/Thr protein kinases. RIP possesses 
kinase activity as it autophosphorylates itself on Ser/Thr residues and overexpression of RIP 
engages the death pathway and activates NFkB. 

79. My entries reflect that I changed the medium of the plates 4 hours after 
electroporation. I added DEVD 4 hours after electroporation to samples #20 and #21. I added 
ALLN 4 hours before harvest to samples #22 and #23. I added cyclohexamide 4 hours before 
harvest to samples #24 and #25. I incubated the cells for 24 hours to express the transfected 
DNA constructs, harvested the cells from the plates and conducted FACS analyses. 

80. My handwritten notations reflect the final results from the experiments in terms of 
the percentage of transfected HeLa cells that were apoptotic. 

81 . 8.6% and 9.7% of the cells in samples #1 and #2, respectively (cells transfected 
with pRK5 vector alone) were apoptotic. 29.8% and 28.6% of the cells in samples #3 and #4, 
respectively (cells transfected with pRK5 plasmid containing the 2-1 construct) were apoptotic. 

82. 19.3% and 16.6% of the cells in samples #5 and #6, respectively (cells transfected 
with pRK5 vector and co-transfected with CRMA) were apoptotic, which shows that CRMA was 
increasing the background apoptosis in the HeLa cells. 35.8% and 39.6% of the cells in samples 
#7 and #8, respectively (cells transfected with pRK5 plasmid containing the 2-1 construct and 
co-transfected with CRMA) were apoptotic, which shows that CRMA did not block apoptosis. 

83. 37.5% and 40.7% of the cells in samples #9 and #10, respectively (cells 
transfected with pRK5 plasmid containing the 2-1 construct and co-transfected with MuFADD- 
DN) were apoptotic, which shows that MuFADD-DN did not block apoptosis. 14.9% and 15.7% 
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of the cells in samples #1 1 and #12, respectively (cells transfected with pRK5 plasmid 
containing the 2-1 construct and co-transfected with HuFADD-DN) were apoptotic, which shows 
that HuFADD-DN blocked apoptosis. 

84. 41 .0% and 40.4% of the cells in samples #13 and #14, respectively (cells 
transfected with pRK5 plasmid containing the 2-1 construct and co-transfected with Hu- 
TRADD-DN) were apoptotic, which shows that HuTRADD-DN did not block apoptosis. 44.1% 
and 43.7% of the cells in samples #15 and #16, respectively (cells transfected with the 2-1 
construct and co-transfected with Hu-TRAF2-DN) were apoptotic, which shows that Hu- 
TRAF2-DN did not block apoptosis. 

85. 49.7% and 52.7% of the cells in samples #17 and #18, respectively (cells 
transfected with the 2-1 construct and co-transfected with Hu-RIP-DN) were apoptotic, which 
shows that Hu-RIP-DN did not block apoptosis. I did not record any results for sample #19. 
17.4% and 37.6% of the cells in samples #20 and #21, respectively (cells transfected with pRK5 
(sample #20) or pRK5 with the 2-1 construct (sample #21) and both incubated with DEVD) were 
apoptotic, which shows that DEVD blocked apoptosis of sample #20 but not of sample #21 . 

86. 14.6% and 36.3% of the cells in samples #22 and #23, respectively (cells 
transfected with pRK5 vector alone (sample #22) or pRK5 with the 2-1 construct (sample #23) 
and both incubated with ALLN) were apoptotic, which shows that ALLN blocked apoptosis of 
sample #22 but not of sample #23. 

87. 24.7%o and 46.6% of the cells in samples #24 and #25, respectively (cells 
transfected with pRK5 vector alone (sample #24) or pRK5 with the 2-1 construct (sample #25) 
and both incubated with cyclohexamide) were apoptotic, which shows that cyclohexamide was 
associated with an increase in apoptosis when cells were successfully transfected with the 2-1 
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construct. 

Page 2. Notebook 27250 (ADE-23) 

88. I recorded and conducted the activities described on page 2 of Notebook 27250 on 
March 17 and 18, 1997. This experiment is similar to the experiment I described and conducted 
on page 92 of Notebook 26508. 

89. I attached a typed protocol sheet to page 2 reflecting that I transfected HeLa cells 
using the 2-1 construct. The protocol is detailed in the sheet I attached to this page. Specifically, 
the experiments I conducted on this page were designed to evaluate the effects of Apo-2 on 
apoptosis of HeLa cells transfected with vector alone (pRK5; sample number 1); vector (pRK5) 
and the 2-1 construct (sample 2); the 2-1 construct co-transfected with CRMA (samples 3 and 4); 
the 2-1 construct and human FADD-DN mutant (samples 5 and 6); and the 2-1 construct and 
human RIP-DN mutant (sample 7). 

90. I added YVAD 4 hours after electroporation to samples 8 and 9 and 1 added 
DEVD to sample 10. YVAD and DEVD are caspase inhibitors. Sample 8 contained cells 
transfected with vector (pRK5) alone and samples 9 and 10 contained cells transfected with 
pRK5 and the 2-1 construct. 

91 . I changed the medium of the plates 4 hours after electroporation. I incubated the 
cells for 24 hours to express the transfected DNA constructs, harvested the cells from the plates 
and conducted FACS analyses. 

92. The numbers I wrote immediately to the right of the plate numbers reflect the 
percentage of apoptotic cells on each plate. The greatest percentage of apoptotic cells was in 
plate #2 (43.1%; prK5 with the 2-1 construct) and plate #7 (41.9%; the 2-1 construct co- 
transfected with Hu-RIP-DN). The smallest percentage of apoptotic cells was in plate #9 (9.3%; 
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prK5 incubated with YVAD). 

Page 4, Notebook 27250 (ADE-23) 

93. I believe I recorded and conducted the activities described on page 4 of Notebook 
27250 between March 19 and 21, 1997. Although page 4 is not dated, I recorded the previous 
date of the experiment on page 3 as March 19, 1997. I dated the subsequent experiment on page 
5 as March 21, 1997. This experiment is similar to the experiment I conducted and described on 
page 2 of Notebook 27250. 

94. I attached a typed protocol sheet to page 4 reflecting that I conducted transfection 
experiments using the 2-1 construct and HeLa cells. The protocol is detailed in the sheet 
attached to page 4. Specifically, the experiments 1 conducted on this page were designed to 
evaluate the effects of Apo-2 on apoptosis of HeLa cells transfected with vector alone (pRK5; 
sample # 1); vector (pRK5) and the 2-1 construct (sample #2); the 2-1 construct co-transfected 
with CRM A (samples #3 and #4); and the 2-1 construct con-transfected with human FADD-DN 
mutant (samples #5 and #6). 

95. My entries reflect that I added DEVD 4 hours after electroporation to samples #7 
and #8 and I added ZVAD to samples #9 and #10. Samples #7 through #10 contained cells 
transfected with prK5 and the 2-1 construct. DEVD and ZVAD are caspase inhibitors. 

96. My entries reflect that I changed the medium of the plates 4 hours after 
electroporation. I incubated the cells for 24 hours to express the transfected DNA constructs, 
harvested the cells from the plates and conducted FACS analyses. 

97. My entries reflect that I noted that, "Background apoptosis was too high. I used 
unhealthy HeLa cells in the transfection." 
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Page 8, Notebook 27250 (ADE-23) 

98. I believe I recorded and conducted the activities described on page 8 of Notebook 
27250 on March 21 and March 22, 1997. Although page 8 is not dated, I recorded the previous 
date of the experiment on page 7 and the subsequent experiment on page 9 as March 21, 1997. 
This experiment is similar to the experiment I conducted and described on page 2 of Notebook 
27250. 

99. I attached a typed protocol sheet to page 8 reflecting that I conducted transfection 
experiments using the 2-1 construct and HeLa cells. Specifically, the experiments I conducted 
on this page were designed to evaluate the effects of overexpressing the Apo-2 receptor on 
apoptosis of HeLa cells transfected with vector alone (pRK5; sample #1); vector (pRK5) and the 
2-1 construct (sample #2); the 2-1 construct and CRMA (samples #3 and #4); the 2-1 construct 
and human FADD-DN mutant (samples #5 and #6); and the 2-1 construct and human-RlP-DN 
(sample #7). 

1 00. My entries reflect that I added DEVD 4 hours after electroporation to samples #8 
and #9 and I added YVAD to samples #10 through #12. Sample #8 through #12 contained cells 
transfected with prK5 and the 2-1 construct. 

101 . My entries reflect that I changed the medium 4 hours after electroporation of the 
plates. I incubated the cells for 24 hours to express the transfected DNA constructs, harvested 
the cells from the plates and conducted FACS analyses. 

1 02. My handwritten notation reflects the percentage of cells that were apoptotic. 
Cells in sample #2 (29.2%; pRK5 and the 2-1 construct) and sample #7 (38.5%; the 2-1 construct 
co-transfected with Hu-RIP-DN) had the highest percentage of apoptosis. Apoptosis was not 
blocked by Hu-RIP-DN. 
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Page 12, Notebook 27250 ( ADE-23) 

103. I believe I recorded and conducted the activities described on the top of page 12 
of Notebook 27250 between March 21 through March 24, 1997. Although page 12 is not dated, 
I recorded the previous date of the experiment on page 10 as March 21 , 1997. I dated the 
subsequent experiment on page 13 as March 24, 1997. This experiment is similar to the 
experiment I conducted and described on page 2 of Notebook 27250. 

104. I attached a typed protocol sheet to page 12 reflecting that I transfected HeLa cells 
using the 2-1 construct. Specifically, the experiments I conducted on this page were designed to 
evaluate the effects of Apo-2 on apoptosis of HeLa cells transfected with vector alone (pRK5; 
sample #1); vector (pRK5) and the 2-1 construct (samples #2 and #3); the 2-1 construct and 
human FADD-DN mutant (samples #4, #5 and #6); and the 2-1 construct and human-RIP-DN 
(samples #7 and #8). I also transfected cells with a pRKCD4 construct for use as a positive 
control. 

105. My entries reflect that I changed the medium 4 hours after electroporation. I 
incubated the cells for 24 hours to express the transfected DNA constructs, harvested the cells 
from the plates and conducted FACS analyses. 

1 06. My handwritten notation to the right of the sample number reflects the percentage 
of cells that were apoptotic. Samples #7 and #8 (the 2-1 construct and Hu-RIP-DN) had the 
highest percentage of apoptosis of 42.9% and 40.9%, respectively. 

107. On the bottom of page 1 2, 1 describe the results continued from page 1 dated 
March 17, 1997. This was an experiment to measure DNA fragmentation caused by apoptosis. 

Page 20, Notebook 27250 (ADE-23) 

108. I believe I recorded and conducted the activities described on page 20 of 
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Notebook 27250 between April 2 and 3, 1997. Although page 20 is not dated, I saved the results 
of the analysis as "JS2040397," corresponding to my first and last initials and 04/03/1997. This 
experiment is similar to the experiments I conducted and described on pages 2 and 12 of 
Notebook 27250. 

109. I attached a typed protocol sheet to page 20 reflecting that I transfected HeLa cells 
using the 2-1 construct. Specifically, the experiments I conducted on this page were designed to 
evaluate the effects of Apo-2 receptor overexpression on apoptosis of HeLa cells transfected 
with the 2-1 construct and human FADD-DN mutant (plates 1 through 4) and prK5 vector and 
human-FADD-DN (plates 5 through 8). All of the plates were co-transfected with pRK5 vector. 

1 1 0. My entries reflect that I changed the medium of the plates 4 hours after 
electroporation. I incubated the cells for 24 hours to express the transfected DNA constructs, 
harvested the cells from the plates and conducted FACS analyses. 

111. My handwritten notation reflects the percentage of cells that were apoptotic. 
Cells in samples #1 and #2 had lower percentages of apoptosis of 19.7% and 21 .0%, 
respectively, due to the higher concentration of Hu-FADD-DN (inhibitor of apoptosis) than the 
cells in samples #3 and #4. The cells in samples #3 and #4 had percentages of apoptosis of 
30.6% and 29.8%, respectively. 

Page 2h Notebook 27250 (ADE-23) 

112. I believe I recorded and conducted the activities described on page 21 of 
Notebook 27250 between April 2 and 3, 1997. Although page 21 is not dated, I saved the results 
of the analysis as "JS2040397," corresponding to my first and last initials and 04/03/1997. 

113. Page 21 of Notebook 27250 reflects the data I obtained from the transfection of 
HeLa cells described on page 20 of Notebook 27250. 
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114. I attached two scatter plots and two histograms of sample A (CD4 PE) to page 21 . 
The scatter plots and histograms show that sample 1 resulted in approximately 19.7% annexin- 
FITC positive cells among the CD4 positive population. 

Page 22, Notebook 27250 (ADE-23) 

115. I believe I recorded and conducted the activities described on page 22 of 
Notebook 27250 between April 4 and 5, 1997. Although page 22 is not dated, 1 saved the results 
of the analysis as "JS2040597," corresponding to my first and last initials and 04/05/1997. This 
experiment is similar to the experiments I conducted and described on pages 2, 12 and 20 of 
Notebook 27250. 

116. I attached a typed protocol sheet to page 22 reflecting that I transfected HeLa cells 
using the 2-1 construct. Specifically, the experiments I conducted on page 22 were designed to 
evaluate the effects of Apo-2 on apoptosis of HeLa cells transfected with pRK5 vector alone 
(sample 1); the 2-1 construct and human FADD-DN mutant (samples 2 through 6); and the 2-1 
construct and pRK5 vector (samples 7 though 11). 

117. My entries reflect that I changed the medium 4 hours after electroporation. I 
incubated the cells for 24 hours to express the transfected DNA constructs, harvested the cells 
from the plates and conducted FACS analyses. 

118. My handwritten notation to the right of the plate numbers reflects the percentage 
of cells that were apoptotic. Cells in samples #2 through #6 had lower percentages of apoptosis 
than cells in samples #7 through #1 1 because HuFADD-DN is an inhibitor of apoptosis. 

119. Across the bottom of page 22, 1 attached a sheet containing scatter plots and 
histograms which I created using the data I obtained from the transfection of HeLa cells 
described above. 
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120. The scatter plots and histograms show that sample 1 resulted in approximately 
1 1 .5% annexin-FITC positive cells among the CD4 positive population. 

Page 25. Notebook 27250 (ADE-23) 

121 . I recorded and conducted the activities described on page 25 on April 6, 1997. 1 
signed and dated the bottom of page 25 with the date April 6, 1997. 

122. I attached a summary sheet to page 25 of the data from the transfection of HeLa 
cells which I performed on pages 2, 4, 8, 12, 20 and 22 of notebook number 27250. The 
summary sheet is reflected by the image below. 
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123. The data from these scatter plots and histograms shows the percentage apoptosis 
from the transfections of HeLa cells transfected with pRK5 alone; pRK5 co-transfected with the 
2-1 construct; ZVAD co-transfected with the 2-1 construct; Murine FADD-DN co-transfected 
with the 2-1 construct; Human TRADD-DN co-transfected with the 2-1 construct; Human 
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TRAF2-DN co-transfected with the 2-1 construct; pRKCRMA co-transfected with the 2-1 
construct; and Human RIP-DN co-transfected with the 2-1 construct. 

1 24. The highest average percentage of apoptotic cells occurred in HeLa cells co- 
transfected with the 2-1 construct and Human TRAF2-DN (46.2 +/- 4.0%); the 2-1 construct and 
Human RIP-DN (44.4 +/- 5.5%); and the 2-1 construct and Murine FADD-DN (42.2 +/- 5.6%). 
HeLa cells co-transfected with the 2-1 construct and ZVAD yielded the lowest average 
percentage of apoptotic cells of 10.0+/-1.3%. 

C. Binding Interaction Between Apo-2 and Apo-2L 
Page 41, Notebook 27250 (ADE-23) 

125. I conducted the activities described on page 41 of Notebook 27250 on April 22 
and 23, 1997. I recorded the activities on April 24, 1997. I signed and dated the bottom of page 
41 with the date April 24, 1997. 

126. My entries reflect that on April 22, 1997, 1 plated HeLa cells (10 mM EDTA) 
with 100,000 cells per well in 12 well dishes. 

127. I attached a protocol sheet to page 41 detailing an apoptosis competition assay 
using HeLa cells, as reflected by the image below. 

TITLE 



BookNo.222£fl 41 



04-23-97 

Plated Hela cells OOmMEDTA) @ 100K cells/well in 12 well dishes previous ly\\ V-f ' ^ 

<H^M pre-incubate the Apo2L (make a 1ng/ml stock using 3.3 jil in 3 ml) +/- / \) / C^oK- 

ECD (100nM) and +/- FLAG MAb (1fig/jil-dilute to ljig/^1 by adding 5pl to 10>l ... 
medium) for ihr. |l".^o-^ ... A 

128. My entries reflect that on April 23, 1997, 1 pre-incubated Apo-2L (stock of 1 
[xg/ml) in the presence and absence of the extracellular domain of Apo-2 (Apo-2 ECD) (100 nM) 
and in the presence and absence of Flag monoclonal antibody (mAb) (diluted to 1 |ig/ml by 
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adding 5 (il to 10 \i\ medium) for 1 hour. I harvested the cells and performed FACS analyses to 
measure apoptosis. 

129. I attached the image below to page 41, which is the remainder of the protocol 
sheet detailing the apoptosis competition assay using HeLa cells. 



Pre-incubate the cells in cycloheximide 1 hr at 50ug/mL 



f, 

I 1 ?0,5 jig/ml Apo2L + Tris Buffer (50^1) + Anti-Rag Mab (1 jig/ml) 

/ 2 Hi v 0.3[ig/ml Apo2L + Tris Buffer (5Q\i\) + Anti-Flag Mab (1 jxg/ml) 

/ 3 1 ^ r NT + Tris Buffer (50jil) + Anti-Flag Mab (1 ^ig/ml) 

A 

4**^05 ng/ml Apo2L + ECD (50^1) + Anti-Flag Mab (1 jug/mi) 

5 It i° 0-3|ig/ml Apo2L + ECD (50|il) + Anti-Flag Mab (1 jig/ml) 

\ 6 NT + ECD (50^1) + Anti-Flag Mab (1fig/ml) 

\„ or ip^^o 

^Preincubate and include cycloheximide 

V 1 ' /fl.03 ng/ml Apo2L + Tris Buffer (50*il) + Anti-Flag Mab (1 jig/ml) 
81X Co.01 jig/ml Apo2L + Tris Buffer (50fil) + Anti-Flag Mab (1ng/ml) 
9 Q NT + Tris Buffer (50\i\) + Anti-Flag Mab (1 jig/ml) 

1 0^' !/ 0.03 jig/ml Apo2L + ECD (50^1) + Anti-Flag Mab (1 jig/ml) 
1 1\7.''/0,01 jig/ml Apo2L + ECD (50*il) + Anti-Flag Mab (1 jig/ml) 
1 2 lM| iNT + ECD (50fil) + Anti-Flag Mab (1 jig/ml) 

Kodak Anti-Flag M2 Mab 3^xg/j.il stock. 

130. The left column lists plates 1 through 12. The numbers immediately to the right 
of the plate numbers are the percentage of apoptotic cells. The remainder of the columns show 
the concentrations of Apo-2L, Tris buffer or ECD and anti-Flag MAb that I added to each plate. 
"NT" means that Apo-2L was not added. 

131. I did not pre-incubate the first group of plates (plates 1 through 6) with 
cyclohexamide. I did pre-incubate the second group of plates (plates 7 through 12) with 
cyclohexamide (50 |ag/ml) for 1 hour. 
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132. I described the anti-Flag monoloclonal antibody as "Kodak Anti-Flag M2 Mab 3 
\xg/ml stock." 

133. Cells that I incubated with and without cyclohexamide in the presence of Apo-2L, 
ECD and anti-Flag mAB were the least apoptotic (plates 4-5 and 10-11). The Apo-2-ECD-Flag 
appeared to block apoptosis induced by Apo-2L. The cells incubated without cyclohexamide in 
the presence of Apo-2L, Tris buffer and anti-Flag mAB were the most apoptotic (plates 1-2). 
The Apo-2-ECD-Flag was not present to block apoptosis induced by Apo-2L. 

Page 48, Notebook 27250 (ADE-23) 

134. I conducted the activities described on page 48 of Notebook 27250 on April 28 
and 29, 1997. I recorded the activities described on page 48 of Notebook 27250 on April 29, 



135. My entries reflect that on April 28, 1997, 1 plated HeLa cells at 250,000 cells per 
well in 12 well dishes. 

136. I attached a protocol sheet to page 48 detailing the activities I performed, as 
reflected in the image below. 



2 ^ Apo2L {1 jig/ml) + Fc (9ng/ml) 

3 c Apo2L (1 jig/ml) + Fc (3|ig/ml) 

4 l ? Apo2L (1 ug/ml) + Fc {1 \iq/m\) 

5 <7 Apo2L (1 jig/ml) + Fc (.33[ig/ml) 

6 (x Apo2L (1 ug/ml) + Fc (.1 1 ^ig/ml) 

7 \\ Apo2L (1 jAg/nil) + Fc (.037ng/ml) 
8^ Apo2L (1 tig/ml) + Fc (.012jig/ml) 
9 VL Apo2L (1 jig/ml) + Fc (. 004ng/ml) 

1 0U Apo2L (1 jig/mi) + Fc (.001 4>ig/ml) 

1 1 P\ Apo2L (1 ug/ml) + Fc (.0004^1) 

12/V Apo2L (1jig/ml) + medium 



137. My entries reflect that on April 29, 1997, 1 pre-incubated the cells with Apo-2L 



1997. 



04-29-97 FC IC50 
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(0.55 ]il/0.5ml) in the presence or absence of Apo2-Fc for 1 hour. Apo2-Fc is a fusion protein 
containing the Fc region of human immunoglobulin IgG heavy chain fused to the ECD of the 
Apo-2 receptor. I harvested the cells and performed FACS analyses. 

138. In my entries above, the first column is the plate number and letter, plate 1 A 
through 12N. In the second column, the concentration of Apo-2L and Apo2-Fc is shown in 
parentheses. Plate 12N did not contain Apo2-Fc. 

139. Across the bottom of page 48, 1 noted the percentage of apoptotic cells from the 
above experiment, as reflected by the image below. 

I A io. $ •/ 

\Gr \SiO*(. 

iw i>\. c iy. 

I l 4>o , 6?y. 
|N bH. I 0 / 

140. The left column is the letter designation for each plate and the right column is the 
percentage Apo-2L induced apoptosis in the cells. The highest percentage of apoptotic HeLa 
cells was found in plate N (64.1%) in which I incubated the HeLa cells with Apo-2L and 
medium, but without Apo2-Fc. The next highest percentage of apoptotic HeLa cells was found 
in plates K and L (62.0% and 60.6%, respectively.) Plate K contained Hela cells incubated with 
Apo-2L and Apo2-Fc (0.004 |ag/ml), and Plate L contained Hela cells incubated with Apo-2L 
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and Apo2-Fc (0.0014 ng/ml). 

Page 49, Notebook 27250 (ADE-23) 

141 . I conducted the activities described on page 49 of Notebook 27250 on April 28 
and 29, 1997. I recorded the activities described on page 49 of Notebook 27250 on April 29, 
1997. 

142. My entries reflect that on April 28, 1997, 1 plated HeLa cells (10 mM EDTA) at 
150K, 200K, 250K and 300K cells per well in 12-well dishes. 

143. I attached a protocol sheet to page 49 detailing the activities I performed, as 
reflected in the image below. 

r 04-29-97 

F 

Plated HeLa cells (tOmMEDTA) @ 150K, 200K, 250K, and 300K cells/well in 12 
well dishes previous evening.. The size of Apo2 is --44Kd and the Fc should be 
about 100Kd, therefore use a 1:4 mass to mass ratio. 

144. I attached the remainder of the protocol sheet to page 49 detailing the activities I 
performed, as reflected in the image below. 
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B 



9AM pre-incubate the Apo2L (make a 1jig/ml stock using 3.3 \i\ in 3 ml) +/- 
IgG/Fc (2jig/m!) for 1 hr. Make a 0.25 \iglp\ stock of Apo2 Fc by diluting in 
medium and use 5pJ/ well . / — ft 



1 

2 
3 



4 
5 
6 

7 
8 
9 

II. 

10 
11 
12 

13 
14 
15 

III 

16 
17 
18 

19 

20 
21 



Apo2L (0.5 ng/ml) , ^ 
Apo2L (0-5 jig/ml) S4< ^ 
Apo2L (0.5 jig/ml) S^M ^ 

(20 ng/ml) Apo2L Fc (stock is 27 mg/ml) 

Apo2L (0.5 ng/ml) + Apo2 Fc (3-7|xl) JO • 3 /> 
Apo2L (0.5 jig/ml) +Apo2 Fc (3.7^1) 
Apo2L (0.5 jig/ml) +Apo2 Fc (3,7|il) 



/0 • ^ /* 



NT 
NT 
NT 



Apo2 Fc (3.7|il) , 
Apo2 Fc (3.7|il) lo 
Apo2 Fc (3-7jil) 8- 3^ 



20 jig/ml TNF IgG (dilute 1:10 Scot's 20 jigfjil stock in medium) 

Apo2L (0.5 ng/ml) +TNFR1 IgG (5|xl) 6 ^ 

Apo2L (0.5 jig/ml) +TNFR1 IgG (5jil) 63 • ^ 

Apo2L (0.5 jig/ml) +TNFR1 IgG (5|il) 6S"« 3 

NT + TNFR1 IgG (5>il) /O. 9^ 

NT + TNFR1 IgG (5pJ) /0-£% 

NT +■ TNFR1 IgG (5jil) tQJ*/> 



DR4 Fc 

Apo2L (0.5 jig/ml) +DR4 Fc (50jil) 2> 
Apo2L(0..5^g/ml)+DR4Fc($|il) <K 
Apo2L(0.5jig/ml)+DR4Fc(5flnl) !X 

NT + DR4 Fc (50iU) 9.5- 



NT 
NT 



+ 



_ 10. 



DR4 Fc (50jil) 



145. My entries reflect that on April 29, 1997, 1 pre-incubated the HeLa cells with 
Apo-2L (stock of 1 pg/ml) in the presence and absence of IgG/Fc (2 ^ig/ml) for 1 hour. I made a 
0.25 |j.g/ml stock of Apo-2-Fc by diluting in medium. I used 5 ul of Apo-2-Fc per well. 

146. My entries reflect that after incubating the HeLa cells with Apo-2L in the 
presence or absence of IgG/Fc, I harvested the cells and measured apoptosis of the cells by 
performing FACS analyses. 
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147. For the purpose of this declaration, only the samples involving Apo-2L and Apo- 
2- Fc are discussed. 

148. The notation at arrow "A" reflects that I did not add any Apo-2L-Fc (signified by 
"NT") to plate 0. 1 only added Apo-2L to plates 1 through 3. The column to the right of Apo-2L 
is the percentage of HeLa cells that were apoptotic. 

149. The notation at arrow "B" reflects that I added Apo-2L and Apo-2-Fc to plates 4 
through 6. I did not add Apo-2L (signified by "NT"), but added Apo-2-Fc to plates 7 through 9. 
The column to the right of Apo-2-Fc is the percentage of HeLa cells that were apoptotic. 

1 50. The results showed that Apo-2-Fc inhibited the induction of apoptosis by Apo-2L 
(plates 4 through 6). These results showed that Apo-2-Fc specifically bound to Apo-2L. 

151. Across the bottom of page 49, 1 noted that, 'The Apo-2 Fc blocked Apo-2L 
induced apoptosis." The image below reflects this notation. 



Page 56, Notebook 27250 (ADE-23) 

1 52. I conducted the activities described on page 56 of Notebook 27250 on April 28 
and 29, 1997. I recorded the activities described on page 56 of Notebook 27250 on April 29, 



153. My entries reflect that on April 28, 1997, 1 plated HeLa cells (10 mM EDTA) at 
250K cells per well in 12-well dishes. This experiment is similar to the experiment I conducted 
and described on page 48 of Notebook 27250. 

1 54. My entries reflect that on April 29, 1997, 1 pre-incubated the cells with Apo-2L 
(0.55 |nl/0.5ml) in the presence or absence of Apo2-Fc for 1 hour. I harvested the cells and 




1997. 
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performed FACS analyses. 

155. I noted the percent of apoptotic cells on page 56 from the experiment described 
above. The image below reflects this notation. 



1 



1 56. The left column is the plate designation and the right column is the percent Apo- 
2L induced apoptosis. The highest percentage of apoptotic HeLa cells was found in plate 12 
(49.0%) in which 1 incubated the HeLa cells with Apo-2L and medium, but without Apo2-Fc. 
The next highest percentage of apoptotic HeLa cells was found in plates 1 1 and 10 (42.8% and 
41.0%, respectively.) Plate 1 1 contained Hela cells incubated with Apo-2L and Apo-2-Fc 
(0.0004 ng/ml), and Plate 19 contained Hela cells incubated with Apo-2L and Apo-2-Fc (0.0014 
pg/ml). 

D. The Effects of ALLN and Cyclohexamide on Apoptosis Induced by Apo-2L 
in HeLa Cells 

Page 84. Notebook 26508 (ADE-22) 

1 57. I recorded and conducted the activities described on page 84 of Notebook 26508 
prior to March 17, 1997. 

158. I taped a protocol sheet to page 84 detailing the activities I conducted, which is 




£. to. H 
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reflected in the image below. 



Book No, ^ DOU °T8TLE 



prom Page No, _ j ; 

cydohcxamidcrHcLa 
HcLa:A[x>2L,TNF, and LT (plated in HGDMEM) 

Dose response in the presence and absence of cyclohexamide Plate -200K cells in 6 well 
plates on the previous night Cells will be prctrcatcd with ALLN lor 1 hr prior to Apo2L. 
Cells will be incubated with Apo2L for 5hrs prior to anncxin staining. 



\ ?J5:00AM prctreat 12 wells +/- eye. @ 40>ig/ml (1 : 1000) for 1 hr. 
\^00AM treat cells with each ligand @ 1 fig/ml. 
U^:00PM Harvest and annexin stain (no Pi). 



j 




ft- 
% 


Apo2L 


1 

1 37 


eye + 


[!' 38 


eye + 


| 39 


eye + 


1 - 40 


eye + 


1 41 


eye + 


42 

i 


eye + 


I.. 43 




1 44 




1 45 




| - 46 




1 47 




|. 48 





NT 

1:500 

1:1000 

1:2000 

1:4000 

1:8000 

NT 

1:500 

1:1000 

1:2000 

1:4000 

1:8000 



1 59. My entries reflect that I plated 200,000 HeLa cells in 6 well plates (numbered 37 
through 48) the previous night. The next day, I then treated half of the plates of HeLa cells 
(plates 37 through 42) with the transcription inhibitor cyclohexamide for one hour. The 
pretreatment of the HeLa cells with cyclohexamide was to shut down the production of survival 
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signaling proteins. I then incubated plates 38 through 42 and plates 44 through 48 with Apo-2L 
to evaluate the effects of cyclohexamide on apoptosis induced by Apo-2L. 

160. My entries reflect that after a 5 hour incubation with Apo-2L, I harvested the cells 
and conducted the annexin FACS assay to determine whether the cells were apoptotic. 

161 . I calculated the percentage of apoptotic cells based on the population of HeLa 
cells that bound the annexin-FITC conjugate. 

162. I made the following entries on page 84 based on calculations from the FACS 
analyses 1 conducted on the HeLa cells. 



ho 51. i % L (w 

..!?.! 51.47- - 

.^..M? . ; i 



isii.; ; 

^.Ji^l , ; , 

% o5.,3.°A. : 

m k'M ; 

p.. Sn : ; ~ : 

163. Samples 38 through 42 show the percentage of Apo-2L-induced apoptosis in 
HeLa cells incubated with cyclohexamide. When the survival signaling was eliminated by 
adding cyclohexamide, the cells became extremely sensitive to induction of apoptosis by Apo- 
2L. 
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1 64. Samples 44 through 48 show the percent of Apo-2L-induced apoptosis in the 
HeLa cells incubated without cyclohex amide. These samples show there is a dose response 
relationship by adding large amounts of Apo-2L to the surface of healthy HeLa cells. The data 
show that as the dilution of Apo-2L increases, apoptosis decreases. A comparison of the data 
from plates 38 through 42 reflect that incubation with cyclohexamide generally increased the 
level of Apo-2L-induced apoptosis in the HeLa cells. 

Page 85. Notebook 26508 (ADE-22) 

165. I recorded and conducted the activities described on page 85 of Notebook 26508 
prior to March 1 7, 1997. This experiment is similar to the experiment I conducted and described 
on page 84 of Notebook 26508, except that in this experiment I added ALLN (an NFkB 
inhibitor) to the HeLa cells instead of cyclohexamide. 

166. I calculated the percentage of apoptotic cells based on the total population of 
HeLa cells that bound the annexin-FITC conjugate. 

167. I made the following entries on page 85 based on calculations from the FACS 
analyses I conducted on the HeLa cells. 



.X, %L.Vk ,.. 

w ihsiL 



f f JsuM&L 

il. t QskJ&L-L- 

!! , Il&iKl^l 
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168. The entries above reflect the data from the FACS analyses I conducted on the 
HeLa cells. The left column reflects the sample numbers. The right column reflects the 
percentage of cells that underwent apoptosis in response to the treatment with Apo-2L with or 
without ALLN pretreatment 

169. Samples 2 through 6 show the percentage of Apo-2L-induced apoptosis in HeLa 
cells incubated with ALLN. When NFkB activity was inhibited by adding ALLN, the cells 
became very sensitive to induction of apoptosis by Apo-2L. 

170. Samples 8 through 12 show the percentage of Apo-2L-induced apoptosis in the 
HeLa cells incubated without ALLN. These data reflect the dose response of Apo-2L to the 
surface of healthy HeLa cells. The data reflect that incubation of the HeLa cells with ALLN 
increased the level of Apo-2-L-induced apoptosis in the HeLa cells. 

Page 7, Notebook 27250 (ADE-23) 

171 . I conducted the activities described on page 7 of Notebook 27250 on March 20 
and 21, 1997. I recorded the activities described on page 7 of Notebook 27250 on March 21, 
1997. This experiment was similar to the experiment I conducted and described on page 84 of 
Notebook 26508. 

172. My entries reflect that on March 20, 1997, 1 plated 200K HeLa cells in 6 well 

plates. 

173. I taped the following entry on page 7 and handwrote the percentage of apoptotic 

cells. 
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B 



Apo2L 

2 Q± °A> eye. 

3 <$3^cyc. 
4?m 3°/ eye. 
5^ >(j y 5 cyc. 

6 m. <^ cyc - 

7 

8 ?Q >/ 

9 b3iSr°/* 

10 4/./'/*. 

11 s?h.^ u /> 

12 /c?.cr/, 



D 



+ NT 

+1:500 

+1:1000 

+1:2000 

+1:4000 

+1:8000 



NT 


1: 


500 


1: 


1000 


1 


:2000 


1 


:4000 


1 


:8000 



174. The column under arrow "A" reflects plate numbers 1 through 12 containing 
HeLa cells. 

175. The column under arrow "B" reflects the data from the FACS analyses I 
conducted on the HeLa cells and indicates the percentage of cells that underwent apoptosis in 
response to the treatment with Apo-2L. 

176. The column under arrow "C" indicates that plates 1 through 6 were pre-incubated 
with cyclohexamide. I performed this activity on March 21, 1997. Plates 7 through 12 were not 
pre-incubated with cyclohexamide as reflected by the absence of a "eye" entry corresponding to 
these plates. 

177. The column under arrow "D" shows the dilutions of Apo-2L that I added to the 
cells in plates 2-6 and 8-12. I performed this activity on March 21, 1997. I did not add any Apo- 
2L to plates 1 or 7 (designated as "NT"). 

178. My entries reflect that after a 5-hour incubation with Apo-2L, I harvested the cells 
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and I conducted the annexin FACS assay to determine whether the cells were apoptotic. The 
data reflect that cyclohexamide increased the level of Apo-2-L-induced apoptosis in HeLa cells. 
Page 14. Notebook 27250 (ADE-23) 

1 79. I recorded and conducted the activities described on page 14 of Notebook 27250 
on March 25, 1997. 

1 80. The title of this page was "Summary of HeLa Dose Response 03-25-97 Using 
Data From JS 4 Pg. 85 & JS 5 Pg. 7." On page 14, 1 summarized the dose response data from the 
experiments I performed on page 85 of Notebook 26508 and again on page 7 of this notebook. 
On page 85 of Notebook 26508, 1 studied the dose response of HeLa cells in the presence of 
ALLN and Apo-2L. On page 7 of Notebook 27250, 1 studied the dose response of HeLa cells in 
the presence of cyclohexamide and Apo-2L. 

181. I taped the following entry of a dose response chart and dose response curve to 
the top of page 14 and I added in my handwritten notes. 

A 



B 



0, o^S 
1.0 



(Wo 



nntn {1.1-2R.07 


Tue, Mai 




1 
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4 


S 
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Apo2L olonc 
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♦ ALLN 


Cyclohoximid 


1 


O 


0.06 




0.046 


0.064 


2 


0.0625 


0,074 




0.174 


0.896 


a 


0.125 


0.137 




0.344 


0.946 


4 


0.25 


0.31 1 




0.512 


0.947 


5 


0.5 


0.432 




0.64 


0.929 
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1 


0.52 
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HeLa Apo2L Dose Response 




0-\ h—i — * I 11 ■ 1 1 — t 1 I M i tt 

0.01 0.1 1 



Apo2L Concentration (jig/ml) 

182. This entry shows the data collected from the dose response experiments 
performed on page 85 of Notebook 26508 (ALLN and Apo-2L) and page 7 of Notebook 27250 
(cyclohexamide and Apo-2L). 

1 83. Arrow "A" points to the Apo2L concentration. Arrow "B" points to the 
percentage of apoptotic cells without ALLN or cyclohexamide. Arrow "C" points to a graph 
showing a dose response curve of HeLa cells in the presence of Apo-2L alone, in the presence of 
Apo-2L and ALLN, and in the presence of Apo-2L and cyclohexamide. The graph shows that 
HeLa cells in the presence of Apo-2L and cyclohexamide resulted in the greatest percentage of 
apoptotic cells. 

Page 43, Notebook 27250 (ADE-23) 

184. I believe I recorded and conducted the activities described on page 43 of 
Notebook 27250 between April 24 and 25, 1997. Although page 43 is not dated, I saved the 
results of the analysis as "JS2042597," corresponding to my first and last initials and 04/25/1997. 

185. I taped a protocol sheet detailing the activities I conducted on page 43. My 
entries reflect that I plated 200K HeLa cells in 6 well plates on the previous night, before treating 
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the cells with ALLN or cyclohexamide. 

1 86. My entries reflect that the next day, I treated HeLa cells with ALLN or 
cyclohexamide for one hour and then incubated the cells with Apo-2L for 5 hours to evaluate the 
effects of ALLN or cyclohexamide on apoptosis induced by Apo-2L. The protocol I followed is 
reflected in the image below. 



ip.. , r\ w i ~ 

(03-24-97) 

. HeLa (plated in HGDMEM) 

Dose response in the presence and absence of ALL N (inhibitor of IkB degradation) or 
cycloheximidc. Plate -200K ceils in 6 well plates on the previous night. Cells will be 
. prctrcated with ALLN or cycloheximidc for 1 hr prior to Apo2L, Cells will be incubated 
with Apo2L for 5hrs prior to anncxin staining, 

8:00AM pretreat 12 wells +/- ALLN @ 40u.g/ml (1:1000) for lhn 

9:00AM treat cells with each ligand@N|ig/ml.. Q , f ^Jl 

i 'J 

2:00PM Harvest and anncxin stain (no PI)> 
1 NT 



2 NT ^''7* , 

3 m 8.°/. 

4 ALLN + NT ? vO/ 

5 ALLN + NT n v /y 

6 ALLN + NT -1^ 

7 cyc.+ NT ? , 0<V 

8 cyc.+ NT 

9 cyc.+ NT 



8 cyc.+ NT k -i ^7 

10 Apo2L ftig/ml * 3 ' ' 

It Apo2L l'jig/ml ^^.OyC 

12 Apo2L. ifig/ml , 30. (, * 

13 eye + Apo2L iWml ~ 0 ' ' 1 /*, 

14 cyc..+ Apo2L 1 xg/ml q !v 

15 cyc.+ Apo2L ijig/ml & I » O V 6 

16 ALLN + Apo2L Mg/ml 

17 ALLN + Apo2L lLg/ml 

18 ALLN + Apo2L liig/ml 6|<3 



187. The first column reflects plate numbers 1 through 18 containing HeLa cells. The 
second column reflects what I added to each plate. 

188. I did not pre-incubate plates 1 through 3 with ALLN or cyclohexamide and I did 
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not treat these plates with Apo-2L, as reflected by the designation "NT". I pre-incubated plates 4 
through 6 with ALLN without Apo-2L (NT). I pre-incubated plates 7 through 9 with 
cyclohexamide without Apo-2L (NT). I incubated plates 10 through 12 with Apo-2L alone. I 
pre-incubated plates 13 through 15 with cyclohexamide and Apo-2L. I pre-incubated plates 16 
through 18 with ALLN and Apo-2L. The parentheses next to Apo-2L show the concentration 
(0.5 |ng/ml) at which I added Apo-2L. 

189. My entries reflect that after a 5 hour incubation with Apo-2L, I harvested the cells 
and conducted the annexin FACS assay to determine whether the cells were apoptotic. 

190. The percentages noted at the end of each row reflect the data from the FACS 
analyses I conducted on the HeLa cells and indicates the percentage of cells that underwent 
apoptosis in response to the treatment with cyclohexamide or ALLN and Apo-2L. 

191 . I taped scatter plots and histograms of the data from the dose response experiment 
across the right and bottom of page 43, as reflected by the images below. I also handwrote my 
notes from this experiment. 



43 
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Martw % Gated 
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192. The entry above is a scatter plot and histogram (which is taped to page 43) of the 
data I collected using FACS to evaluate the percentage of apoptotic HeLa cells from the 
experiment described on this page. These entries reflect the FACS data from sample 1 8 (HeLa 
cells pre-incubated with ALLN and Apo-2L), as reflected by "Sample ID: 18" noted below the 
histogram. The data reflect the cells that were treated with ALLN or cyclohexamide in the 
presence of Apo-2L were apoptotic. 




Marker %Og»od j 
Afl 100.00 
Ml 5.65 

1 93. The entry above (which is taped to page 43) shows the FACS data from sample 1 
(HeLa cells alone) as reflected by "Sample ID:1" noted below the histogram. The data reflect 
the cells that were apoptotic, which was a small percentage compared to sample #18. 
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194. At the bottom of this page, I noted that, 'Those plates were really heavy and each 
individual cell may have seen less drug than usual (meaning less Apo2L)." 

Page 51, Notebook 27250 (ADE-23) 

195. I conducted the activities described on page 51 of Notebook 27250 on May 1 and 
2, 1997. I recorded the activities described on page 51 of Notebook 27250 on May 2, 1997. I 
signed and dated the bottom of page 51 on May 5, 1997. This experiment is similar to the 
experiment I conducted and described on page 43 of Notebook 27250. 

196. My entries reflect that on May 1, 1997, 1 plated 200K HeLa cells in 6 well plates. 

1 97. My entries reflect that on May 2, 1 997, 1 pretreated the cells with ALLN or 
cyclohexamide for 1 hour prior to Apo-2L. After a 5 hour incubation with Apo-2L, I harvested 
the cells and conducted the annexin FACS assay to determine whether the cells were apoptotic. 

198. My handwritten notation at the end of each row reflects the data from the FACS 
analyses I conducted on the HeLa cells and indicates the percentage of cells that underwent 
apoptosis in response to the treatment with Apo-2L. 

199. Samples 1 through 3 show the percentage of apoptosis in transfected HeLa cells 
without Apo-2L (NT). Samples 4 through 6 show the percentage of apoptosis in HeLa cells pre- 
incubated with ALLN without Apo-2L (NT). Samples 7 through 9 show the percentage of 
apoptosis in HeLa cells pre-incubated with cyclohexamide without Apo-2L (NT). Samples 10 
through 12 show the percentage of Apo-2L-induced apoptosis in HeLa cells incubated with Apo- 
2L alone. Samples 13 through 15 show the percentage of Apo-2L-induced apoptosis in HeLa 
cells pre-incubated with cyclohexamide and Apo-2L. Samples 16 through 18 show the 
percentage of Apo-2L-induced apoptosis in HeLa cells pre-incubated with ALLN and Apo-2L. 
The data reflect that cyclohexamide and ALLN increased the level of Apo-2-L-induced apoptosis 
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in HeLa cells. 

200. I taped images of two histograms (across the right side of page 51) of the data I 
collected using FACS to evaluate the percentage of apoptotic HeLa cells from the experiment 
described on page 5 1 . 

201 . The histogram on the bottom of page 5 1 shows FACS data from sample 1 0 (Apo- 
2L), as reflected by "Sample ID: 10" noted below the histogram. The data reflect HeLa cells that 
were apoptotic due to Apo-2L. 

E. DNA Ladder Experiments 
Page 89, Notebook 26508 (ADE-22) 

202. I recorded and conducted the activities described on page 89 of Notebook 26508 
prior to March 17, 1997. I signed and dated the bottom of the page. 

203. I attached a typed protocol sheet to page 89 which contained my handwritten 
notes, as reflected in the redacted image below. 



TITLE. 



A ? 



i 



• ;>K cdLfor \ I Icier 
I. CM P RK5(20ngAnl> /1 ° fiW,t>r&Cl 



2. I A M(ltWml) + pRK5 (10jig/ml) WT* J,> 

| 3. I'" T 2-l(t0p^ml) + CRMA (10pe/ntl) \>wc** 

I A. I'S^ 2-1 (lOpsfml) + HuTRADD-DN (lOjig/mj) .^0 p 7» S ' S- 

5. 0-1$ 2>1 (lOMB/ml) + HuTRAF2-DN (]0;ig/ml) AfO 0 ™ 11 & 

6.0.^?" 2-1 (lOjig/mJ) + HuFADD-DN (10Mg/ml) <v o AfV? %l 

7. 0-9 2-1 (lOpg/ml) + MuFADD-DN (lOpg/ml) ^oTD^'S 

8. i.^tV 2-l(10jiE/tnl) + pRK5(10pg/mi) + DEVD-Foik^ 1 " D ° 
9- 0 pRKCRMA(10jig/m])+ pRK5(10Lig/ml) ftd ^>^T»S'i 

Add the DEVD-Fmk when the medium is changed. 

204. The image above reflects that I transfected 1 million ("1000K") 293 cells to 
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conduct a DNA ladder experiment. During the apoptosis process, caspase-activated 
endonucleases cleave chromosomal DNA between the nucleosomes, generating a series of DNA 
fragments. These fragments form a "ladder" when the extracted DNA is separated by agarose 
gel electrophoresis. DNA laddering was a well known indicator of apoptotic cell death. The 
purpose of this experiment was to evaluate whether cells transfected with the construct 2-1 could 
induce DNA laddering alone or in the presence of caspase inhibitors, such as CRMA, and other 
adaptor proteins, such as the human dominant negative mutant of FADD (HuFADD-DN), 
murine dominant negative mutant of FADD (MuFADD-DN), human dominant negative mutant 
of TRAF2 (HuTRAF2-DN) and human dominant negative mutant of TRADD (HuTRADD-DN). 

205. After performing the transfection, I took photographs of the plates and visualized 
the cells on the plates which exhibited membrane blebbing and lifting from the monolayer on the 
plate. I then extracted the DNA from the cells in each culture plate, as described on page 91 of 
this notebook. 

206. The column under arrow "A" reflects plate numbers 1 through 9. 

207. My handwritten entries under arrow "B" reflect the stock concentration of DNA 
in each sample plate. 

208. My handwritten notations under arrow "C" reflect my microscope observations 
from the experiments. I attached and labeled photographs of the cells to page 89 corresponding 
to each sample number (#1 through #7 and #9). I did not prepare sample #8. 

209. My entries reflect that: the cells on plate #1 (pRK5) were not apoptotic; the cells 
on plate #2 (2-1 construct and pRK5) were apoptotic; the cells on plate #3 (2-1 construct and 
CRMA) were not apoptotic; the cells on plate #4 (2-1 construct and HuTRADD-DN) were 
apoptotic; the cells on plate #5 (2-1 construct and HuTRAF2-DN) were apoptotic; the cells on 
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plate #6 (2-1 construct and HuFADD-DN) were not apoptotic; the cells on plate #7 (2-1 
construct and MuFADD-DN) were apoptotic; the cells on plate #8 were not analyzed; and the 
cells on plate #9 (pRKCRMA and pRK5) were not apoptotic. 

210. Toward the bottom of page 89, 1 made an entry noting that "20% of the cells 
recovered were used to prepare the apoptotic DNA" for subsequent use to evaluate the laddering 
of the DNA from the apoptotic cells. The DNA laddering experiment is continued on pages 91 
and 93 of Notebook 26508. 

Page 91, Notebook 26508 (ADE-22) 

211. I recorded and conducted the activities described on page 91 of Notebook 26508 
prior to March 17, 1997. 

212. 1 noted at the top of page 91 that the title of this experiment was "DNA Ladder 
From Pg 89." 

213. My entries reflect that I used 20% of the transfected cells recovered from the 
experiment performed on page 89 to perform the DNA ladder experiment on this page. The 
purpose of this experiment was to determine if there was degradation of chromosomal DNA of 
the transfected cells, thus indicating apoptosis. I harvested the cells from the plates and extracted 
the DNA, as described below. 

214. Across the middle of page 91,1 made an entry noting that I extracted DNA 
fragments from the transfected cells using the Trevigen DNA Ladder kit, used for isolating and 
labeling DNA. 1 included one extra chloroform extraction. I labeled the DNA using P 32 and ran 
the samples on a gel. 

215. Across the middle of page 91,1 made entries detailing how I labeled the DNA and 
prepared the samples for gel electrophoresis. 
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216. My entries reflect that I ran the gels for 2 hours at 100 volts. Photographs of the 
two gels were taped onto page 93 of this notebook. 

Page 93. Notebook 26508 (ADE-22) 

217. I recorded and conducted the activities described on page 93 of Notebook 26508 
prior to March 17, 1997. 

218. I made a notation at the top of page 93 that the title of this experiment was "DNA 
Ladder From Pg 89." 

219. I made the following entry on page 93 in which I taped two photographs of gels 
and added my handwritten notes. This experiment was a continuation of the DNA ladder 
experiment I started on page 89 and continued on page 91 of Notebook 26508. 



jFrom Page Ho — ; 
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220. My entries reflect that I labeled excess DNA as described on page 91 and ran two 
gels. The entry above shows the two photographs of the gels which I taped onto this page. 1 
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noted the lane that contained the "#4 DNA" in each gel "#4 DNA" was the sample containing 
construct 2-1 and Hu-TRADD-DN. 

22 1 . My entries reflect that I noted under the gel on the left side of the page that, 
"DNA not warmed to 50°C Gel run 2 hrs @ 100 volts." This gel did not show a DNA ladder 
(indicating DNA fragments). The DNA in this gel was stuck in the wells, so I believed that the 
DNA needed to be pre-warmed. 

222. My entries reflect that under the gel on the right side of the page, I noted that, 
"DNA + loading buffer 1 st warmed to 50°C before loading. Gel run @ 75 volts 3 hrs." A clear 
apoptotic pattern (DNA ladder) was visible from sample #4 (construct 2-1 and Hu-TRADD-DN). 

Page L Notebook 27250 (ADE-23) 

223. I recorded and conducted the activities described on page 1 of Notebook 27250 on 
March 17, 1997. This was a similar experiment to the experiment I conducted and described on 
page 89 of Notebook 26508. 

224. I taped a protocol sheet on page 1 reflecting that I transfected 293 cells to obtain 
DNA for a DNA ladder experiment. The purpose of this experiment was to evaluate whether 
cells transfected with the 2-1 construct could induce DNA laddering alone or in the presence of 
caspase inhibitors and other adaptor proteins. 

225. My entries reflect that in addition to the adaptor proteins I co-transfected which 
were described on page 89 of Notebook 26508, 1 also co-transfected some 293 cells with RIP- 
DN. 

226. My entries reflect that I extracted DNA fragments from the transfected cells using 

in 

the Trevigen kit, labeled the DNA using P and ran the samples on a gel. 

227. My entries reflect that I ran two gels. The first gel contained samples 1, 2, 3 and 
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8. The second gel contained samples 4, 5, 6, 7, 10 and 3. 

228. 1 did not attach any photographs of the gels related to this experiment in my 
notebook. 

Page 6, Notebook 27250 (ADE-23) 

229. I recorded and conducted the activities described on page 6 of Notebook 27250 on 
March 21, 1997. 

230. My entries reflect that at the top of this page was my notation, "Cleaned Up 
Ladder DNA From Pg. 1." 

231. My entries reflect that I chloroform extracted and reprecipitated the DNA 
obtained from the laddering experiment described on page 1 of Notebook 27250. I washed the 
DNA in 70% ethanol and resuspended. I performed the DNA ladder protocol as described on 
page 1 of Notebook 27250. I prepared 10 samples. I added DNA from the transfected cells, 
H2O, 10X Klenow buffer, P 32 diluted 1 :20 and Klenow enzyme to each tube. I ran the samples 
on two gels. 

232. I did not attach any photographs of the gels related to this experiment in my 
notebook. 

Page 12, Notebook 27250 (ADE-23) 

233. I recorded and conducted the activities described on page 12 of Notebook 27250 
on March 24, 1997. 

234. I taped a protocol on the bottom half of page 12 pertaining to the Trevigen Ladder 
Kit. I also taped a photograph of a gel, as reflected in the image below. I used the "cleaned up" 
DNA obtained from the experiment described on page 6. 



52 



5W 



I * 3 * 5 i 





Notes on Trevigen DNA Ladder Kits 





-use 1 hq of DNA in your reactions . 



-use 1 .5% Trevicil agarose. 



) 3hrs at 75Vo!ts (cut off the gel below the bromophenoi blue), 
not fix the gel, rinse 5min in TAE buffer and dry 2hrs at 60°C. 



235. My entries above reflect my notes on the Trevigen DNA Ladder Kit. A gel is 
shown on this page which was viewed on a phosphoimager. The samples ran on this gel are 
described on page 1 of Notebook 27250. Sample 1 is pRK5 vector alone. Sample 2 is Incyte 
construct 2-1 and pRK5. A DNA ladder is visible from sample 2. Sample 3 is Incyte construct 
2-1 with CRMA. Sample 6 is Incyte construct "2-1" with HuFADD-DN. Sample 8 is Incyte 
construct 2-1 with pRK5. Sample 9 is pRKCRMA with pRK5. 

Page 13, Notebook 27250 (ADE-23) 

236. I recorded and conducted the activities described on page 13 of Notebook 27250 
on March 24, 1997. This experiment is similar to the experiment that I conducted and described 
on page 1 of Notebook 27250. 

237. My entries reflect that I performed a DNA ladder experiment as described on 
page 1 of Notebook 27250. 

238. My entries reflect that I extracted DNA fragments from the transfected cells 
using the Trevigen protocol described on pages 1 and 12 of Notebook 27250. 
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239. I attached two photographs on page 13 of two gels, as reflected by the image 
below. My entries reflect that I analyzed the DNA fragments by gel electrophoresis. I ran one 
gel using 50 ml of agarose mix. This gel is shown on the left. The first gel contained samples 1, 
2, 3, 6, 7, 8 and 9. Sample 2 (2-1 construct with pRK5) and sample 7 (2-1 construct with 
MuFADD-DN) exhibited DNA ladders, indicating apoptosis. 

240. My entries reflect that I repeated the gel using 100 ml of agarose mix. The 
second gel contained samples 1, 2, 3, 6, 8 and 9. This gel shows that sample 2 exhibited a DNA 
ladder. Sample 6 (2-1 construct with HuFADD-DN) may have exhibited a DNA ladder. 




V. Conclusion 

241. I declare further that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true and further that 
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these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of any 
patents issuing from the above-identified application. 



Date: 




Jaffites Sheridan, Ph.D. 
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DECLARATION OF SCOT MARSTERS 

I, Scot Marsters, declare and state as follows: 
I. Introduction and Background 

1 . I am a citizen of the United States and presently reside in San Carlos, CA. 

2. I received my Bachelor's of Science degree in Microbiology and Biochemistry 
from the University of Maine (Orono). 

3. I have been employed by Genentech Inc., South San Francisco, CA ("Genentech") 
since 1985. 

4. I continue to be employed by Genentech and presently work as a Principle 
Research Associate in the Department of Molecular Oncology in the laboratory of Dr. Avi 
Ashkenazi. Dr. Ashkenazi was my supervisor during 1996-1998. 

5. In preparation of this declaration I reviewed my laboratory notebooks 26865, 
261 19, and 27505 (ADE-24, ADE-25, and ADE-26); Maya Skubatch's notebooks 26577 and 
27236 (ADE-27 and ADE-28); and Lakshmi Ramakrishnan's notebook 26466 (ADE-29). In 
providing descriptions of the activities recorded in the laboratory notebooks, I refer to pages in 
my laboratory notebooks and pages in the notebooks of Lakshmi Ramakrishnan and Maya 
Skubatch. 

6. The descriptions I provide in this declaration include images from portions of 
laboratory notebook pages. The notebook pages are reproduced in their entirety in the exhibits 
submitted herewith. The images embedded in this declaration are accurate reproductions of the 
notebook pages and are intended to help guide the reader in considering my notebook entries. 

7. This declaration contains a detailed description of the activities that I, or those 
under my supervision (such as Maya Skubatch), conducted at the direction of Dr. Ashkenazi. I 
am familiar with Ms. Skubatch's notebooks and recognize her handwriting in her notebooks. 
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This declaration also contains a detailed description of the activities conducted by Lakshmi 
Ramakrishnan, a scientist with whom I collaborated to isolate positive cDNA clones containing 
the newly identified receptor DNA from a cDNA library. I am familiar with Ms. 
Ramakrishnan 's notebook 26466 and recognize her handwriting in her notebook. I have first- 
hand knowledge of the work that Ms. Ramakrishnan conducted and I reviewed her relevant 
notebook in preparation of this declaration. This declaration also contains descriptions of her 
work. 

8. I understand that Genentech intends to file this declaration at the United States 
Patent and Trademark Office to establish activities that occurred prior to March 17, 1997, and up 
to May 15, 1997. I understand that March 17, 1997, is a date by which another company filed a 
patent application relating to the Apo-2 receptor (also known as DR5) and that May 15, 1997, is 
the date on which Genentech filed a patent application relating to the Apo-2 receptor. Dates 
preceding March 17, 1997 on documents cited in this declaration have been redacted. 

9. In this declaration, I provide the following: 

a) A brief overview of the types of experiments that I, and those that I worked with, 
conducted while working for Dr. Ashkenazi; and 

b) A description of my activities, activities conducted on my behalf by Ms. 
Skubatch, and work conducted by Ms. Ramakrishnan. 

II. Overview of Personnel and Work Conducted Involving the Apo-2 Receptor 

1 0. In the course of my work during 1 996- 1998,1 routinely interacted with several 
Genentech scientists in the Ashkenazi laboratory including: Dr. Ashkenazi, Maya Skubatch, and 
Dr. James Sheridan. I routinely discussed my work and experimental results with these scientists 
during our interactions in the Ashkenazi lab. These scientists routinely discussed their results 
and activities with me as well. As I described above, 1 also collaborated with Ms. Ramakrishnan 
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to isolate positive cDNA clones containing the DNA encoding a new receptor identified by Dr. 
Ashkenazi. 

1 1 . Ms. Skubatch was a temporary research associate in the Ashkenazi lab. All of her 
work relating to the Apo-2 receptor was conducted at my request and under my direct 
supervision. I provide a description of her laboratory activities in a separate section of this 
declaration. 

1 2. Prior to March 1 7, 1 997, 1 understood that Dr. Ashkenazi was searching for 
receptor molecules in the Tumor Necrosis Factor (TNF) family of receptors. I understood that 
Dr. Ashkenazi was searching for novel receptor sequences based on structural similarities to 
previously identified receptors in the TNF family (e.g., Apo-3 and Fas), including sequences for 
1) cysteine-rich regions in the extracellular domain, 2) a transmembrane domain; and 3) an 
intracellular region containing a death domain. 

13. My recollection is that Dr. William Wood of the Molecular Biology group at 
Genentech was the person most directly involved with making the Incyte sequence database 
information available to Dr. Ashkenazi. 

14. I recall that prior to March 17, 1997, Dr. Ashkenazi searched an Incyte sequence 
database and identified DNA sequences that he considered to be structurally similar to the 
sequence of the Apo-3 receptor. 

15. Prior to March 1 7, 1 997, 1 clearly understood Dr. Ashkenazi's objectives 
regarding the newly identified receptor molecules. Dr. Ashkenazi and I often discussed the 
progress of my research and his research objectives. At that time, I understood that upon 
identifying a novel receptor sequence, Dr. Ashkenazi planned to conduct cloning and expression 
experiments as well as prepare a fusion protein (Apo-2-IgG (immunoglobulin G)) to use in 
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binding studies. Additionally, I understood that Dr. Ashkenazi planned to initiate experiments to 
prepare antibodies against the novel receptor, including the preparation of agonist antibodies that 
would specifically bind to the extracellular domain (amino acids 54 to 182) of the newly 
identified receptor, and that would induce apoptosis in a DR5 -expressing cell. 

1 6. Specifically, prior to March 1 7, 1 997, 1 understood that Dr. Ashkenazi had 
contemplated a method of inducing apoptosis in a DR5-expressing cell which involved exposing 
the cell to an effective amount of an Apo-2 agonist monoclonal antibody which (a) binds to a 
soluble extracellular domain sequence (amino acids 54 to 182) of an Apo-2 polypeptide and (b) 
induces apoptosis in a DR5-expressing cell. 

1 7. Once Dr. Ashkenazi identified sequences in the Incyte database, he asked me to 
isolate a cDNA clone having the complete sequence of the gene he identified searching the 
Incyte database. My activities directed to isolating clones included designing primers for use in 
polymerase chain reaction ("PCR") experiments, as well as designing a longer DNA probe for 
use in isolating the full length gene from cDNA libraries. I submitted an order form to the 
Genentech Synthetic Oligonucleotide facility describing the PCR primers and DNA probe which 
is submitted herewith as ADE-30. 

18. I designed the primers and designated them "DD" primers. I designed a probe 
and designated it as the "DD" probe. I asked Lakshmi Ramakrishnan to screen various cDNA 
libraries and isolate clones having structural similarity to the sequences Dr. Ashkenazi identified. 

1 9. Ms. Ramakrishnan isolated four positive clones from a pancreas cDNA library 
and provided them to me immediately after identifying those clones. The clones were positive 
because the DNA inserts in the clones hybridized to a 70-mer probe I designed to screen for the 
newly identified sequence. She designated the clones DDP1.1, DDP2.1, DDP3.1 and DDP4.1. 
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The DDP2.1 clone contained the DNA encoding the Apo-2 receptor. 

20. The nomenclature of the "DDP2.1" clone evolved over time. The DDP.2.1 clone 
was often referred to by those working on the Apo-2 receptor project as "DD.2", "DD2", "DD2- 
1" and/or "2-1." Ultimately, once it was determined that the receptor encoded by the DD.2 DNA 
bound Apo-2 ligand (Apo-2L), the nomenclature shifted to "Apo-2" receptor. 

21 . I used the "DD" clones Ms. Ramakrishnan isolated to transform cells and 
overexpress the DNA contained in the clones to examine whether the DNA contained in the 
clones could induce apoptosis in the cells. I conducted these experiments and had assistance 
with the apoptosis assays from Dr. James Sheridan, a post-doctoral fellow working in Dr. 
Ashkenazi 5 s lab. 

22. The transformation experiments I conducted revealed that the clone designated 
DD2.1 induced apoptosis in the cells. I conveyed these results immediately to Dr. Ashkenazi. 

23. Once Dr. Sheridan and I observed the apoptosis-inducing effect of the DD2.1 
clone and reported our results to Dr. Ashkenazi, Dr. Ashkenazi decided that we should conduct 
additional experiments to further characterize the DD2.1 clone. 

24. The experiments that I and others conducted included making and purifying Apo- 
2 receptor/IgG fusion proteins. The fusion proteins were ultimately used to raise monoclonal 
agonist antibodies that specifically bound to the extracellular domain ("ECD") (amino acids 54 
to 182) of the Apo-2 receptor, and that induced apoptosis in a DR5 -expressing cell. 

25. In addition to conducting DD2.1 overexpression experiments and making fusion 
proteins, I, or those with whom I worked in the Ashkenazi laboratory, conducted experiments 
relating to the Apo-2 receptor including: 1) obtaining the complete DNA and amino acid 
sequence of the DD2.1 clone; 2) determining whether the Apo-2 receptor activated the NFkB 
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pathway; 3) evaluating expression of the Apo-2 receptor mRNA by Northern blotting 
experiments; 4) constructing additional fusion proteins using a FLAG epitope tag for co- 
precipitation studies, binding studies, and/or purification studies; 5) making GST- Apo-2 fusion 
proteins to search for molecules that bound to the death domain; and 6) determining the 
chromosomal location of the gene encoding the Apo-2 receptor. 

26. Maya Skubatch, a temporary research associate in Dr. Ashkenazi's lab, assisted 
me with sequencing experiments, chromosomal mapping experiments, and construction of fusion 
proteins. Her work is described in her notebooks and I describe some of her specific laboratory 
activities in a later section of this declaration. 

III. Detailed Description of Activities Reflected in Laboratory Notebook Entries and 
Related Documents 

A. Initial Screening Work of cDNA Libraries 

27. Prior to March 1 7, 1 997, Dr. Ashkenazi conveyed to me that he searched the 
Incyte database and identified novel DNA sequences having structural similarity to a portion of 
the Apo-3 receptor. Dr. Ashkenazi conveyed this information to me within twenty- four hours of 
making this discovery. Dr. Ashkenazi created a consensus sequence from the Incyte clones he 
identified and provided it to me. 

28. I studied the sequence Dr. Ashkenazi provided to me and designed the PCR 
primers and a DNA probe as reflected in ADE-30, a request form I used to obtain 
oligonucleotide probes from the Genentech Synthetic Oligonucleotide facility. A redacted image 
of a portion of the request form is set forth below. 
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29. Under the "Requestor" entry on the oligonucleotide request form is my name, 
reflecting that I submitted the form. 

30. The entry highlighted by the arrow "A" is "dd.probe" and has the designation "70 
mer" below the dd.probe entry. These entries reflect that I named the probe "dd.probe" and that 
it was 70 oligonucleotides in length. The sequence of the probe I requested is provided 
immediately to the right of the "dd.probe" and "70 mer" designations in the image above. 

3 1 . The 70-mer probe was radiolabeled and used as a tool to visualize (by 
autoradiography) the binding of the probe to complementary sequences obtained from a cDNA 
library. 

32. The entry highlighted by the arrow "B" in the image above is "dd.pcr.5"' and has 
the designation "24-mer." These entries reflect that this 24-base oligonucleotide was used as a 
PCR primer and that it corresponds to the 5' upstream sequence of the consensus sequence that 
Dr. Ashkenazi provided to me. The sequence of the 5' dd primer is set forth to the right of the 
dd.pcr.5' designation. 

33 . The entry highlighted by the arrow "C" is "dd.pcr.3 '" and has the designation 
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"24-mer." These entries reflect that this 24-base oligonucleotide was used as a PCR primer and 
that it corresponds to the 3' downstream sequence of the consensus sequence that Dr. Ashkenazi 
provided to me. The sequence of the 3' dd primer is set forth to the right of the dd.pcr.3 5 
designation. 

34. I gave the 70-mer probe to Ms. Ramakrishnan to use as a tool to identify cDNA 
sequences obtained from cDNA libraries that hybridized to the probe. 

35. Ms. Ramakrishnan also used the PCR primers I designed to amplify the target 
sequences from a cDNA library. This process allowed her to "rescue" the sequences amplified 
by the PCR experiments from the other sequences present in the cDNA library. Following 
amplification, Ms. Ramakrishnan screened the cDNA for positive clones. 

36. At my request, Ms. Ramakrishnan conducted the screening of a pancreas cDNA 
library. She identified four positive clones that hybridized to the "DD" probes that I designed. 
Ms. Ramakrishnan designated the clones "DDP.1.1, DDP2.1, DDP3.1 andDDP4.1." The "DD" 
reflects my original designation for the PCR primers and DNA probe; the "P" reflects that Ms. 
Ramakrishnan isolated the clones from a pancreas cDNA library; and the numbers 1-4 reflect 
that she isolated four clones. 

37. I describe below Ms. Ramakrishnan' s notebook pages corresponding to some of 
her activities directed to isolating the positive "DD" clones. I was familiar with the work 
conducted by Ms. Ramakrishnan and I reviewed Ms. Ramakrishnan 5 s notebook 26466 in 
preparation of this declaration. Pages 60, 71, and 73 from Ms. Ramakrishnan 5 s notebook 26466 
reflecting her work involved with the Apo-2 receptor are submitted herewith in ADE-29. 

38. Ms. Ramakrishnan conducted and recorded the activities described on pages 60, 
7 1 , and 73 of her notebook 26466 prior to March 1 7, 1 997, as reflected by the dates recorded on 
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those pages. 

39. Across the bottom of page 60, Ms. Ramakrishnan made the following entries: 



-&£>i 
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40. The boxes containing "R" in the image above are examples of where the dates 
have been redacted. 

41 . The entries Ms. Ramakrishnan made at the bottom of page 60 reflect that I gave 
her a pancreas library from which she prepared single stranded DNA (ssDNA) to screen for a 
"novel protein-homolog of Apo-3." 

42. I recognize the handwriting at the bottom of page 71 as Ms. Ramakrishnan' s. She 
made the entries reflected in the image below: 



A 
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... L^kP . ^Ipls.-.. .: S.g^j&u*!.. ...... !.., ... clttt iSLoy^ ;,ca! ,. C J 



CO 3> .^.X jak (o--^ . 



43. These entries reflect that Ms. Ramakrishnan conducted work on an experiment 
she called "Old Rescue of DD." Ms: Ramakrishnan wrote that she identified "4 positives" but 
that she was unable to pick single colonies ("cannot pick singles"). She plated the transformants 
in a secondary screen to try to obtain the positive clones. 

44. The notation at arrow "A" in the image above reflects that Ms. Ramakrishnan 
designated the secondary screen DD clones as "DDP.l" through "DDP.4". "2°" is the 
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designation for secondary. "DD" is the death domain designation she had been using for this 
series of experiments (which arose from my original probe/primer nomenclature). The "P" 
reflects that Ms. Ramakrishnan was working with pancreas DNA. The numbers 1 through 4 
reflect that she believed that there were 4 positive transformants from the pancreas library. 
45. Ms. Ramakrishnan made the following entries at the bottom of page 7 1 : 



- ^^-4 j 1 i L L—^.p^.tSi, : : ._.i._J ! 



Witnessed & Understood by me, 




t ^.v^v^..j &^fe.,„kefi * jja^ sfe £^3g4 ^ 
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46. The entry reflects that Ms. Ramakrishnan lifted the filters from the secondary 
screens she designated "DDP1-P.4", processed the filters, prehybridized the filters, and 
hybridized the filters using the same radiolabeled 70-oligomer probe that she used in her 
previous screens. Ms. Ramakrishnan then washed the filters to remove any unbound labeled 
probe. She noted that the filters were "quite hot!" reflecting that a short exposure to 
autoradiographic film should be sufficient to produce a signal on the film. 

47. Ms. Ramakrishnan noted that she "picked 1 positive for each for minipreps" 
reflecting that she identified positive clones and that she would conduct a DNA "miniprep" to 
purify the DNA from the positive clones that she picked based on the filters and transformants. 

48. Ms. Ramakrishnan made the following entries at the top of page 73: 



From Page No _ ; j j _ 



R 
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49. These entries reflect that Ms. Ramakrishnan picked 4 positive transformants 
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designated DDP.l through DDP.4, to be purified using DNA minipreps and also for large-scale 
cultures for me and Avi Ashkenazi to be used in assays (". . .large scale cultures for Scott/ Avi's 
lab to put into assay.") 

50. After Ms. Ramakrishnan identified the positive clones, she immediately informed 
me of her results and I, and others in Dr. Ashkenazi 's lab, began work with the DD clones. 

B. Activities I Conducted Following Initial Identification of the Positive Clones 

51. I submitted the clones Ms. Ramakrishnan isolated to the Genentech DNA 
sequencing facility within a day or two of receiving the clones. 

52. Prior to March 17, 1997, 1 obtained the complete sequence of the DD.2 clone 
from the Genentech Sequencing Facility as reflected in ADE-36. 

53. Following Ms. Ramakrishnan' s identification of the positive clones, I conducted a 
variety of experiments to characterize the DD2 DNA sequence and protein. I made a record of 
these activities in my laboratory notebooks. 

54. I maintained three separate notebooks which included descriptions of my 
activities directed to the Apo-2 receptor project. 

55. I labeled Notebooks 26865 and 27505 as "Cell Culture" notebooks because many 
of the experiments described in those books primarily (but not exclusively) involved cell culture 
experiments. I labeled notebook 261 19 as "Mol Bio" reflecting that was a notebook wherein I 
recorded my experiments primarily involving molecular biology. I labeled the notebooks on their 
respective spines. 

56. The relevant pages from the notebooks are submitted as exhibits ADE-24, ADE- 
25, and ADE-26. I make reference to the page numbers from each respective notebook in the 
descriptions of my laboratory activities provided herein. 



11 



C. Activities I Conducted and Recorded in My Notebooks 

1. Page 47, Notebook 26865 (ADE-24) 

57. I conducted and recorded the activities described on page 47 prior to March 17, 

1997, as reflected by the date recorded on that page. 

58. The entries I made on page 47 reflect that I conducted cell transfection 
experiments using 293 cells and various DNA constructs. 293 cells are commercially available 
and derived from a human embryonic kidney cell line. 

59. The purpose of the cell transfection experiments was to introduce DNA into the 
293 cells, obtain expression of the protein encoded by the DNA in the cells, and observe whether 
the expression could induce apoptosis in the target cells. 

60. Across the top of page 47, 1 made the following entries: 

— — .• — '^f^J^M^^^ ^gsm^^ 1 L. 

VA^A—a-^^ ~™ ■•■ - 

- &4-*?ls. LM-LfL—i . i [ -_■ O.S«t <r k A 'tfgl 

$&s*^.j&JLgLC*.c„L2 i _ . . ' " 

L^L -J/J^dL i ;_ „. ; • r \ ~ ' '"!"."" ' 1~™ r ""' 

tJlj^^ AtsA- A/cw =_ : \ ~j\ "~"> '~T : " ~ 

61 . These entries reflect that I set up transfection experiments using 293 cells and 
prepared two tubes (A and B) containing the reagents I used for the calcium phosphate 
transfection of the 293 cells I used in this experiment. Tube A included ten micrograms of the 
specific DNA I used to transfect the 293 cells on each plate (e.g., plate 15 containing DNA 
designated DD.2.1). 

62. The relevant plate numbers using DD2.1 DNA, and a description of the various 
other DNA I used to transfect the cells on each plate, are reflected in the following entries: 
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63. My entries reflect that plates 14 through 17 bear a common "DD" designation 
followed by "1.1," "2.1," "3.1," and "4.1," respectively. I used these clones to transfect the 293 
cells. 

64. As described above, the clone designations were made by Ms. Ramakrishnan and 
were a result of her work directed to screening a pancreas cDNA library and identifying four 
positive clones that hybridized to the 70-mer DD probe that I designed. 

65. I made a bracket encompassing plates 14-17 which is followed by the word 
"Incyte " Below the term "Incyte" I listed the numbers 2078364 and 1237537. These numbers 
reflected the Incyte clone numbers that provided the sequence information from which Dr. 
Ashkenazi designed a consensus sequence which I, in turn, used to design the PCR primers and 
DNA probes that Ms. Ramakrishnan used to isolate the four positive "DD" clones. 

66. Plate 1 5 bears the designation DD2. 1 which reflects that DNA having the DD2.1 
designation was used to transfect the cells on plate number 15. I received the DD.2.1 DNA 
construct from Ms. Ramakrishnan. DD.2.1 was later designated Apo-2 receptor based on the 
fact that overexpression of the DD.2.1 DNA caused apoptosis in the cells and that it was 
confirmed to encode a receptor that bound Apo-2 ligand. 

67. I made the following entries toward the bottom of page 47: 
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68. The notation at arrow "A" reflects that I gave the cells transfected in plates 13, 14, 
15, 16, and 17 to "Jamie" for FACS (fluorescence activated cell sorter) analysis. "Jamie" is Dr. 
James Sheridan, a scientist employed by Genentech at the time I conducted these experiments, 
who routinely conducted FACS analyses. 

69. FACS analyses were routinely used by Dr. Sheridan to measure the fluorescence 
associated with Annexin V binding to phosphatidylserine on cells that were undergoing 
apoptosis. 

70. The notation at arrow "B" reflects that the clone number designated 2.1 "kills 
cells." The "#2.1" designation corresponds to the DD2.1 DNA I used to transfect the cells on 
plate 15. I recall looking at the transfected cells under a microscope and believing that the cells 
were undergoing apoptosis based on the morphological changes that occurred in the cells. Dr. 
Sheridan confirmed that the DD2.1 clone induced apoptosis in the cells using the FACS 
analyses. I conveyed these results to Dr. Ashkenazi and showed him the apoptotic and control 
cells. 

71. Dr. Sheridan took photographs of the cells undergoing apoptosis following 
overexpression of the DD2.1 DNA and showed them to me and Dr. Ashkenazi. 

72. This series of experiments confirmed that the DD2. 1 DNA induced apoptosis 
when overexpressed in 293 cells. 



14 



2. Page 41, Notebook 26119 (ADE-25) 

73. I conducted and recorded the activities described on page 41 prior to March 1 7, 

1997, as reflected by the dates recorded on that page. 

74. I wrote "Make New Death Domain Receptor IgG" across the top of page 41 
reflecting that the experiments I conducted and recorded were directed to making a receptor IgG 
fusion protein with the new Death Domain receptor (i.e., DD.2.1 or Apo-2). 

75. As reflected by my notebook entries, I set up a PCR reaction using DD2.1 DNA 
and 5' and 3' primers directed to portions of the pRK5 vector harboring the DD2.1 DNA insert 
(prkrev), and other primers designated "SM.l", "SM.2", and "SM.3". The sequence of the 
SM.l, SM.2, and SM.3 primers is set forth in ADE-31. These activities are reflected at numbers 
one through three on the right side of page 41, an image of which is set forth below. 
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76. The additional entries on the left side of page 41 reflect the reagents I used in the 



15 



PCR experiment, the experimental conditions, and that I ran the PCR reaction overnight (i.e., 
"ran O.N. 55 ). 

77. The goal of the PCR experiment was to amplify the DD2.1 DNA in such a way as 
to generate a DNA construct that could be used to create a fusion protein made up of the DD2.1 
DNA and DNA encoding antibody sequences from IgG proteins. 

78. Toward the bottom of page 41 , my entries reflect that I continued my work 
toward generating a DD2.1-IgG fusion protein and digested vectors containing human and 
murine interferon alpha receptor IgG fusion proteins with the BstEII restriction enzyme. I made 
the constructs that I used in these experiments. I used the DNA encoding the IgG portion of this 
particular fusion protein as "donor" sequence to be ligated into vectors with the PCR products 
obtained from the DD2.1 PCR amplification. This work is reflected in the redacted image of 
page 41 below, under the notations "set up Digest" and "Digest vector." The entries reflect that I 
digested two sets of vectors to later use to ligate the fusion inserts. 
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3. Page 42, Notebook 26119 (ADE-25) 

79. I conducted and recorded the activities described on page 42 prior to March 1 7, 

1997, as reflected by the dates recorded on that page. 

80. The activities I recorded on page 42 are a continuation of my activities described 
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on page 41 . The experiments on page 42 reflect that I "ran agarose gel on vectors" which I 
described on page 41, and that I purified the vectors using "Qiaquick," a commercially available 
purification kit from Qiagen. I purified the DD2. 1 PCR fragments using a commercially 
available kit from Promega and ran aliquots of the purified vector and PCR fragments (1-6) on 
the gel. These activities are reflected in the redacted image of page 42 set forth below: 
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81 . I wrote the "hu" and "mu" designations on the photographs of the gels taped to 
page 42, and on the page itself, which correspond to "human" and "murine." As described on 
page 41, 1 used human and murine interferon alpha receptor-human IgG fusions as a source of 
human IgG DNA sequence to ligate to the DD2. 1 sequence obtained from the PCR amplification 
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reactions. 

82. The numbers one through six listed on the photograph of the gel on the right side 
of the page correspond to the PCR products I obtained from reactions one through six described 
at the top of page 41. Numbers one through three correspond to DD2.1 PCR products. 

83. After purification and visualization of the vector and DD2.1 PCR products, I 
ligated the DD2.1 PCR products ("fragments 1,2, + 3" as described on page 41) and the vectors 
harboring the human IgG sequence, using a "rapid ligation kit." I then transformed JM109 cells 
(an E. coli bacterial strain) using the newly ligated vector that I believed contained the DNA 
encoding the DD2.1-IgG fusion protein. I recorded these activities at the bottom left of page 42, 
an image of which is provided below. 
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4. Page 56, Notebook 26865 (ADE-24) 

84. I conducted and recorded the activities described on page 56 prior to March 17, 

1997 as reflected by the dates recorded on that page. 

85. I made the following entry at the top of page 56: 
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86. I inserted images obtained from the Northern analyses in a pocket taped on page 

56. 



87. The entry I made on page 56 reflects that "Maya" (Skubatch) conducted Northern 
blot analyses to examine mRNA levels of the "New DD Receptor 2.1" in various tissue types. 
She recorded her activities directed to this experiment on pages 76-79 of her notebook 26577. I 
describe these activities in a later section of this declaration. 

88. The results located in the pocket on page 56 reflect that DD.2 mRNA was 
detected in fetal kidney, liver, and lung, and adult peripheral blood leukocytes (PBLs), colon, 
small intestine, ovary, testis, prostate, thymus, spleen, pancreas, kidney, skeletal muscle, liver, 
lung, placenta, and heart. 

5. Page 62, Notebook 26865 (ADE-24) 

89. I conducted and recorded the activities described on page 62 prior to March 17, 

1997, and on March 18, 1997, as reflected by the dates recorded on that page. 

90. The purpose of the transfection experiments I conducted was to express the DNA 
construct encoding DD2-IgG fusion proteins in 293 cells. The fusion proteins could then be 
readily purified using affinity techniques. Purified fusion protein was later used as an antigen for 
immunization of mice to generate monoclonal antibodies. 

91 . I made the entries in the image below across the top of page 62 reflecting that I 
conducted transfections of 293 cells (in the "Title" section), and includes a brief description of 
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the DNA I used to transfect the cells. I noted that tubes 3-26 contained "DD.2-IgG" DNA 
whereas tube 1 contained vector only (as a negative control) and tube 2 contained an Apo-3-IgG 
fusion (as a positive control). The numerical designations next to the DD2 fusions (e.g., #20) 
reflect that the fusion proteins came from particular clone numbers. Maya Skubatch prepared 
DNA of these clones under my direction and supervision, and she recorded her activities on 
pages 84-85 of her notebook 26577, which I describe in a later section of this declaration. 
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92. The redacted image below of page 62 reflects that plates 1 -4 were radiolabeled 
with "0.3 mici" (0.3 millicuries) of ProMix, which is a commercially available reagent used for 
in vitro protein labeling with radioactive methionine and cysteine. The purpose of labeling the 
proteins in plates 1-4 was to incorporate a radioactive label into the proteins to allow for 
visualization of the proteins in assays that require measurement or detection of radiation (e.g., 
autoradiographic assays). 
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93. The redacted image further reflects that plates 5-26 were fed "S.F. media." "S.F 
media" is shorthand for "serum free" media and was a readily available and routinely used 
culture medium used to grow cells in culture. 

94. I harvested the "sups," or supematants, from plates one through four, which were 
radiolabeled using the Pro-mix reagent. On March 18, 1997, 1 harvested the supematants off of 
plates 5-26 which I previously fed with serum free media. I recorded these activities toward the 
middle and bottom of page 62 as reflected in the image below. 

95. I noted at the bottom right of page 62 that "Hot sups pg #66" which reflects that I 
conducted additional experiments on page 66 using the radiolabeled supematants obtained from 
plates one through four described at the middle of page 62. 

96. I used the labeled proteins I prepared in a precipitation experiment described on 
page 66. 
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6. Page 65, Notebook 26865 (ADE-24) 

97. I conducted and recorded the activities described on page 65 prior to March 1 7, 

1997, as reflected by the dates recorded on that page. 

98. The purpose of these experiments was to identify the chromosomal location of the 
DD.2 DNA. 

99. At my request and under my supervision, Maya Skubatch conducted the radiation 
hybrid work underlying the chromosomal mapping of the DD.2 gene. She recorded her activities 
on page 85 of her notebook 26577. I describe her activities in a later section of this declaration. 

100. Ms. Skubatch provided me with the results of her radiation hybrid experiments 
using the DD.2 DNA. She used a commercially available kit to perform the mapping 
experiment. 

101 . I sent the DNA sequence information (marker) to the Stanford University Hybrid 
Mapping service in electronic form and asked for a chromosomal map for the DD.2 DNA 
sequence information I provided. This activity is reflected in the e-mail attached to page 65 of 
my notebook and a redacted image of a copy of the e-mail I sent to the Stanford Radiation 
Hybrid Mapping Server at SHGC ( rhserver@shRC.stanford.edu ) is provided below. 
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Original submission : 

>From nobody :03:42 



>Return-Path: <nobody> 

>Received: by shgn .qt*nforri pmrT /a 7 d/jnc-1.0) 
► id OAA252Q4J R [ 14:03:41 -0800 (PST) 



>Date j R | l4:03:41 -0800 (PST) 



>From : nobody mid no bndv) 

>tfessage-Id: LJi koAA25204(§shgc . Stanford.EDU> 

>To: rhserver@shgc.stanford.edu 
>Subject: submission 
> 

>// 

>exp_text: dd. 2 
>// 

>contact_email : sam^gene . com -p 
>rh__name : dd.2 m Ji 

>rh_score: 000000000000000000000001001000000100000U010011000100010000R000001000 
00000001000000 

>// 



102. The notation at arrow "A" shows my email address ( sam@gene.com ) listed under 
the "contact_email:" entry, ("sam" are my initials). The notation at arrow "B" reflects the 
"dd.2" entry that corresponds to the "expjext:" entry which contained a file including the DNA 
marker sequence I sent to the Stanford Hybrid Mapping facility ("facility"). My request was 
given an "id" of "OAA25204" by the facility which is reflected by the notation at arrow "C" on 
the image above. 

103. I received the results from the facility which are reflected in the e-mail attached to 
page 65 of my notebook. Approximately ten lines from the top of the page attached to page 65 is 
the entry "message ID: [redacted date] .OAA25204". These entries reflect that the e-mail sent 
from the facility was in response to my submission that was assigned the same identification 
number OAA25204. Below the message ID, is an entry "reference:dd.2" which indicates that 
the results reported in the e-mail are for the dd.2 marker that I sent to the facility earlier that day. 
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This entail message has been sent automatically by 
rhserver@shgc • stanford.edu in response to your submission: 



messagelD : 2203 * OAA25204 , 



reference: dd.2 

104. Toward the bottom of page 65, 1 attached a printout, which is reflected in the 
image below: 

Two Point Maximum Likelihood Analysis results for submitted marker dd.2. 
The raw scoring data was: 

00000000000000000000000100100000010000011010011000100010000R00000100000000001000 
000 

The calculation results were: 

submitted marker linked marker DOD cR_10000 chrom 



Reporting best lod >= 6.0 

. B 

11.054567 9,90 8 



B C 

dcL2 D8S48I* — 11.054567 o on ft < — 



105. In relevant part, the analysis reveals that the "submitted marker" (reflected by the 
notation at arrow "A") dd.2 is linked to the chromosomal marker designated "D8S481" (reflected 
by the notation at arrow "B") with a logarithm of odds (LOD) of 1 1.054567 which is in turn 
mapped to chromosome 8 (reflected by the notation at arrow "C"). 

7. Page 66, Notebook 26865 (ADE-24) 

106. I conducted and recorded the activities described on page 66 on March 17, 1997, 

as reflected by the dates recorded on that page. The activities I described on page 66 are follow- 
up experiments to experiments that I conducted and recorded on page 62 of Notebook 26865 
using radiolabeled DD2.1-IgG fusion proteins. 

107. The entries I made on page 66 reflect that I collected the supernatants from the 
cells on page 62 transfected with DNA encoding the DD2-IgG fusion and used them to set up 
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"Rips" experiments, as reflected by the entry at the top of the page "Setup Rips of Sups from 
[redacted date] pg. #62." "Rips" is my shorthand for Radio-Immuno Precipitation. Rips 
experiments were used to measure the amount of protein contained in the supernatant from cells 
transfected with the DD2-IgG fusion protein. The experiment I described on page 66 involved 
using an IgG-specific binding agent to precipitate radioactive DD2-IgG fusion proteins that I 
described on page 62. 
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1 08. The entries on page 66 reflect that I collected the supernatants from the cells from 
plates one through four described on page 62. I then incubated the supernatants in a buffer 
containing various reagents including detergents and "Pansorbin," the latter of which would bind 
to the IgG moiety of the fusion protein. 

1 09. After incubation, I boiled the reagents for 5 minutes to release the DD2-IgG 
fusion proteins bound to the Pansorbin. I then loaded the samples on a gel in lanes in the order 
described on page 66 under the phrase "Load gel." My activities are reflected in the images of 
portions of my notebook below. 
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110. After I loaded the gel as described above, I stained the gel with Coomassie blue 
(to confirm the presence of protein of the expected size), destained the gel, enhanced the gel 
using a commercially available kit to better visualize any banding pattern, washed the gel with 
distilled water, dried the gel under a vacuum, and exposed the gel to autoradiographic film. My 
entries in my notebook and the image of the entries reproduced at the bottom of page 66 below 
reflect those activities. 

fTfi _ 
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111. I included the resulting images from the gel in a pocket that I taped onto page 66. 
One image reflects development of the gel at one hour and another reflects development of the 
gel after exposure overnight. The images from the gel indicate that there may have been a low 
level of the DD2-IgG fusion protein expressed. 

8. Page 67, Notebook 26865 (ADE-24) 

112. I conducted and recorded the activities described on page 67 on March 18, 1997, 

as reflected by the dates recorded on that page. 

113. At the top of page 67, 1 noted that "Took 1.5 mis OF sup from pg #62 cold" and 
listed "prk5, DD.2-IgG #6 and DD.2-IgG #20" below that entry. These entries reflect that I used 
non-radioactive supernatant from cultures of cells I previously transfected with vector alone 
(prk5) or DNA encoding DD.2-IgG fusion proteins. 

114. The purpose of these experiments was to evaluate whether the cell supernatants 
expressed DD2-IgG fusion proteins. 

115. An image of a portion of page 67 is set forth below. My entries reflect that I 
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added the supernatants from page 62 to protein A sepharose. The protein A was used to purify 
DD2-IgG fusion proteins from the supernatants by a standard technique called protein A affinity 
chromatography. Following incubation at room temperature (i.e., "2 hr RT on rotator"), I 
washed the samples with buffer. 

116. I then divided the samples into two sets of tubes wherein one tube set contained 
the reducing agent dithiothreitol (DTT) and the other tube set did not. My activities are reflected 
by the entry toward the middle of page 67 providing "Add sample Buffer no DTT to 1 set" and 
the entries directly beneath reflecting adding sample buffer "+ DTT to 1 set." I then boiled the 
samples for 5 minutes (i.e., "Boil 5'") to release the fusion proteins from the protein A beads, 
and loaded the samples on a gel to resolve the proteins, in the order described under the entry 



Load gel. 
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1 1 7. After I ran the gel with the fusion samples, I transferred the samples contained on 
the gel to nitrocellulose paper (blot), and incubated the blot in a 5% milk solution + PBST (PBS 
plus Tween) overnight. The purpose of this was to block non-specific binding sites to which an 
antibody might bind and give a false positive. 

118. On March 1 8, 1997, 1 incubated the blocked blot containing the DD2-IgG fusion 
samples with a murine (mouse) antibody that binds the human IgG portion of the DD2-IgG 
fusion protein. The commercially available murine antibody is conjugated to 
horseradishperoxidase ("HRP"), which is an enzyme that produces a signal when incubated with 
an appropriate substrate. A positive HRP signal {i.e., "chemiluminescence" as I described on 
page 67) after washing of the blot indicates specific binding of the antibody to the IgG portion of 
the DD2-IgG fusion protein. These activities are reflected in my notebook entries at the bottom 

of page 67 and in the image below. I wrote "70" under the "To Page No. " entry reflecting that 

I recorded additional data relating to this on page 70. Page 70 contains a pocket containing the 
results from this experiment. The blots do not appear to reflect any positive results. 




9. Page 68, Notebook 26865 (ADE-24) 

119. On March 18, 1997, 1 filled out an assay request form and attached it to page 68 

of my notebook 26865. I note that the date on page 68 reads March 18, 1996, which appears to 
have been an error on my part. The correct date is 1 997 based on the context of the information 
provided in the request form. 

120. A portion of the request form is provided in the image below. 
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From Page No. 
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121. The entry across the top of the notebook page reflects that I sent supernatant 
samples to the Genentech assay services group and asked them to conduct an ELISA experiment 
to detect human Fc protein. The human Fc fragment was part of the DD2-IgG fusion protein and 
detection of Fc by ELISA would confirm that the DD2-IgG protein was present in the 
supernatants I harvested from the cells I transformed with the DD2-IgG construct. 

122. The request form further reflects additional information including: 1) that I 
submitted the samples as reflected by "Scot Marsters" in the "Samples submitted by" box; 2) that 
the sample was "DD2-IgG" as reflected by the same designation in the "Product Id." box; and 3) 
that the samples were submitted on "3/18/97" as reflected by that entry in the "Date Submitted" 
box. 

123. The bottom of the request form contains the raw data from the ELISA assay. The 
data did not reveal any positive results. 

10. Page 69, Notebook 26865 (ADE-24) 

124. I conducted and recorded the activities described on page 69 on March 18, 1997, 
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as reflected by the dates recorded on that page. 

125. I noted at the top of page 69 "Make NFkB probe" reflecting that I made 
radioactive probes for use in NFkB assays. I provided the details of the protocol I followed on 
page 69. I further included the raw data sheet from the scintillation counter measuring the counts 
per minute (cpm) of the radiolabeled NFkB probe. The estimated cpm for the probe I made was 

1 .4 x 10 6 cpm/ul which provided sufficient radioactivity for use in my NFkB experiments. 

11. Page 71. Notebook 26865 (ADE-24) 

126. I conducted and recorded the activities described on page 71 on March 19, 1997, 

as reflected by the dates recorded on that page. 

127. My activities were directed to conducting a NFkB dose response and time course 
experiment using Apo-2-ligand (Apo-2L) and TNF. 

128. I conducted the experiments using HeLa cells which I set up on March 17, 1997 (I 
made an error in writing that I set up the cells on "3/18/96"). 

129. In part, the purpose of these experiments was to determine whether Apo-2L alone 
can regulate NFkB activity and to determine if the NFkB activation was dose-dependent, time- 
dependent, or both. NFkB activation is implicated in inflammatory responses as well as 
apoptosis. NFkB exists in the cellular cytoplasm in an inhibited state. Once stimulated, NFkB is 
released from its inhibited state, migrates to the nucleus of the cell, and activates transcription of 
a variety of genes. This activation can be measured using the techniques I used in my NFkB 
experiments. An increase in the amount of NFkB message in extracts reflects that it has been 
activated. Therefore, the purpose of my NFkB experiments was to evaluate the role of the Apo-2 
receptor in activating NFkB activity. 

130. My activities are reflected in the entries I made on page 71, an image of which is 
set forth below. My entries reflect that in wells 1-6, 1 incubated HeLa cells with lug/ml of Apo- 
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2L for different periods of time (i.e., 0, 10, 20, 30, 1 hour and 2 hours). 
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131. My entries reflect that in wells 13-1 8, 1 added serial dilutions of Apo-2L to the 
wells and incubated the cells and ligand for 30 minutes as reflected in the entries below. The 
Apo-2L concentrations ranged from 0 ng/ml to 1000 ng/ml. 
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132. Following the incubations, I set up the NFkB assay per my "usual" protocol and 
loaded the gels as I described in the notebook page under the "Gel loading 55 entry. These 
activities are reflected in the image of my notebook entries below. I further noted "73 55 under the 
"To Page No_ 55 entry reflecting that I recorded additional data relating to this experiment on 
page 73. 
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12. Page 73. Notebook 26865 (ADE-24) 

133. Page 73 does not contain any entries on the page. However, I taped a pocket on 

page 73 and inserted five autoradiography and/or images of gels from the experiments I 
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described on page 71 . 

134. I wrote March 20, 1997, on two of the autoradiographs, reflecting that I read the 
data on at least those autoradiographs on March 20, 1997. The data contained on the 
autoradiographs reflect that TNF induced a faster NFkB response (within first ten minutes) when 
compared to Apo-2L (maximum response at approximately thirty minutes). 

13. Pages 72 and 76 of Notebook 26865 (ADE-24) 

135. I conducted and recorded the activities described on pages 72 and 76 on March 20 

and 21, 1997, as reflected by the dates recorded on that page. 

1 36. My entries on page 72 reflect that I set up HeLa cells for use in NFkB 
experiments and transfected the cells with DNA encoding the caspase inhibitors "DEVD", 
"ZVAD", or "CRMA" or a "TRAF2" dominant negative mutant (which is an adaptor protein 
involved in the apoptosis signaling) to evaluate the effects of these proteins on NFkB activation 
in the presence of ligands including Apo-2L. I recorded these activities on page 72 of my 
notebook. 

137. My entries on page 72 reflect that I treated wells numbered 2, 5, 8, 1 1 , 1 4 and 1 7 
with Apo-2L. I pretreated cells in well 2 with PBS alone (as a control), cells in well 5 with 
DVED, cells in well 8 with ZVAD, and I had transfected cells in well 1 1 with the pRK5 control 
vector, cells in well 14 with CRMA, and cells in well 17 with the TRAF2 dominant negative 
mutant. 

138. I then conducted an NFkB assay on the cells I prepared. 

139. On March 21, 1997, as described on page 76, 1 conducted additional NFkB 
experiments using HeLa cells. 

140. The purpose of this additional experiment was to evaluate whether Apo-2 ligand 
induced expression of protective NFkB genes. 
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141. The image from page 76 below reflects that I used HeLa cells that I prepared on 
March 20, 1997, which I had plated in six- well culture dishes. I noted that certain cells were 
pretreated with either 1) PBS (phosphate buffered saline); 2) ALLN (an NFkB inhibitor); or 3) 
cyclohexamide (a transcription inhibitor), prior to addition of either PBS, Apo-2L, or TNF. 
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142. I listed the pretreatment regimen on the left side of page 76 under the " pretreat " 
entry. I listed the ligands I added to the cells to the right of the pretreat column under the 
"Ligand" and "cone + time" entries. The latter entry reflects the concentration of ligand added 
and the duration of the incubation period. 

143. I made the entry below at the bottom of page 76 reflecting that the results from 
the assay relating to the ALLN and cyclohexamide pretreatment experiments are included on 
page 77 of my notebook 26865. 



; ^ 1 1 • 5 ; 



Witnessed S Understood by me. 
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14. Page 77. Notebook 26865 (ADE-24) 

144. On March 21, 1997, 1 noted on page 77 of my notebook 26865 that "NFkB Assay 
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Set up as usual" reflecting that I set up the NFkB assay per my usual protocol. This is the only 
entry I made on page 77. 

145. I taped a pocket at the bottom of page 77 and included images of the gels obtained 
from the NFkB assay in the pocket. The results from the gels were inconclusive. 
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15. Page 87, Notebook 26865 (ADE-24) 

146. I conducted and recorded the activities described on page 87 on March 28, 1997, 

as reflected by the dates recorded on that page. 

147. My records reflect that my activities were directed to transfecting 293 cells with 
DD2-IgG fusion proteins and detecting whether the fusions were expressed by the cells. 

148. I made the entries set forth in the image below across the top of page 87 reflecting 
that I conducted a transfection experiment using DD.2-IgG DNA constructs ("Tx of DD.2-IgG") 
and that I "used 35 100mm Dishes of 293s cells" in my experiments. 

'TlTLEr^rr- ~~ - , 



149. The DD.2-IgG DNA I used in these experiments was first described on pages 4-5 
of Maya Skubatch's notebook 27236. Ms. Skubatch conducted these experiments under my 
direction and supervision, and I describe her activities in a later section of this declaration. 

1 50. The entries I made on page 87 of my notebook reflects that I set up ten plates of 
three DD.2-IgG constructs (#10, #31, and #41) as well as five "plates of Mock Tx," which 
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reflects that only the prk5 vector was used in the mock transfections. I also recorded the reagents 
used for the transfections as reflected below the "Tube A" and "Tube B" entries, and that I 
transfected the 293 cells with the various DD2-IgG fusion constructs and control DNA 
constructs. The image of page 87 set forth below reflects these activities. 
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151. On March 29, 1 997, 1 noted that I "fed cells serum free media," reflecting that I 
replaced the media with serum free media to the 293 cells that I transfected with the DD.2-IgG 
construct. 

152. On March 31,1 997, I made the entry in the image below which reflects that I 
"signed up for Fc ELISA Assay" and recorded more information about the ELISA request on 
page 90 of my notebook 26865. These entries reflect that I requested the Genentech Assay 
Group to conduct an ELISA of the supernatant from the cells I transformed to determine whether 
the "Fc" region of the DD2-IgG fusion protein could be detected by ELISA analysis. 
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16. Page 90. Notebook 26865 (ADE-24) 

153. I did not record any activities on page 90 of my notebook 26865. However, I 
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taped the ELISA request form, that I described on page 87, onto page 90. 

154. The ELISA request form includes the following information as reflected in the 
image of page 90 below: 1) that I submitted the samples (reflected by the notation at arrow "A"); 
2) that the "Assay" was an "Fc Elisa" (reflected by the notation at arrow "B"); 3) that the date 
submitted and date to be assayed was "3/31/97"; and 4) that the product ID was "DD.2-IgG" 



(reflected by the notation at arrow "D"). 
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155. I listed the samples and the dilution of each sample to be assayed on the bottom 
portion of the assay request form. For example, sample numbers 1-4 are designated #10, which 
reflects that the samples contained supernatant from cells transfected with the DD2-IgG 
construct designated "#10." The entries under the "Dilution" column for samples 1-4 read "neat, 
1:10, 1 :100, andl :1000", respectively, reflecting that sample 1 was not diluted, sample 2 was a 
1:10 dilution of sample and buffer, sample 3 was a 1 : 1 00 dilution of sample and buffer, and 
sample 4 was a 1 : 1000 dilution of sample and buffer. 
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1 56. I taped the raw ELISA data obtained from the Assay group on the lower right side 
of page 90. The results reflect that samples 17 and 20 (neat #41) gave a weak positive signal in 
the ELISA. 

17. Page 91, Notebook 26865 (ADE-24) 

157. I conducted and recorded the activities described on page 9 1 on March 31,1 997, 

as reflected by the dates recorded on that page. 

1 58. My records reflect that my activities were directed to transfecting 293 cells with 
DD2 DNA and co-transfecting the cells with constructs containing either DVED (a caspase 
inhibitor), ZVAD (a caspase inhibitor), CRMA (a caspase inhibitor) or hFADD D/N (a human 
dominant negative adaptor protein). 

1 59. The purpose of co-transfecting the cells with the caspase inhibitors was to 
evaluate whether the induction of NFkB by expression of the DD2 DNA was mediated through 
caspase activity in the 293 cells. If there was no observed increase following co-transfection 
with DD2 DNA and the caspase inhibitor constructs, it would be reasonable to conclude that the 
protein encoded by the DD2 DNA induced NFkB through a pathway involving caspases. 

160. The purpose of co-transfecting the cells with human FADD D/N (dominant 
negative) was to evaluate whether DD2 - mediated induction of NFkB involved the FADD 
adaptor protein. The dominant negative form of FADD used in these experiments was known to 
block apoptosis induction by overexpression of other TNF family receptors in the cells. If 
expression of DD2 induced NFkB when co-transfected with FADD D/N, that would reflect that 
the protein encoded by DD2 DNA signaled independently of the FADD adaptor protein. 

161 . I made the entry below across the top of page 91 reflecting that I set up the 
transfection experiments with the 293 cells. 
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1 62. The entries I made on page 91 , set forth in the image below, provide the plate 
numbers containing the DNA I used to transfect the cells. To the right are brackets reflecting the 
caspase inhibitors that I co-transfected into the cells on to the plates (4-6 - DVED; 7-9 — ZVAD; 
and 10-12 -CRM A). Plates 13-15 were co-transfected with DNA encoding a dominant negative 
mutant of the human FADD adaptor protein. Plates 1-3 were not co-transfected with additional 
constructs. 
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163. I recorded the reagents I used to conduct the transfection experiment and noted at 
the bottom of page 91 that "DNA on cells," reflecting that I transfected the cells with the various 
DNA constructs described on page 91 . My entries are reflected in the image of page 91 below. I 
noted that I recorded additional information related to these experiments on page 92 ("To Page 
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No. 92). 




18. 



Pages 92-93, Notebook 26865 (ADE-24) 



164. I conducted and recorded the activities described on pages 92 and 93 on April 1, 
1997, as reflected by the dates recorded on those pages. 

1 65. My records reflect that my activities were directed to conducting an NFkB assay 
using cells that I previously co-transfected with DD2 DNA and constructs encoding either 
DVED (a caspase inhibitor), ZVAD (a caspase inhibitor), CRMA (a caspase inhibitor) or 
hFADD D/N (an adaptor protein) as described on page 91. 

1 66. The entries I made on page 92 reflect that I set up samples for the NFkB assay per 
my usual protocol, as reflected in the image below. 



167. On the left side of the page I listed the cell samples I used, which correspond to 
the samples I described on page 91 . I noted that I added the NFkB probe to all the samples and 
that I added "2ul Cold" to samples 1B-3B and 2ul of "(x-NFkB" antibody to samples 1C-3C. I 
added the "cold" NFkB as a control to compete with the radioactive NFkB probe to ensure that a 
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positive result was a bona fide positive and not due to non-specific probe binding. I added the 
NFKB-specific antibody to "supershift" NFkB protein in the sample which serves as a positive 
control. The antibody-NFKB complex would be a larger complex and migrate slower than NFkB 
alone on a gel. Seeing a "supershifted" NFicB-antibody band at the top part of a gel, and a non- 
shifted NFkB at a farther migration point on the gel, would provide confirmation that the results 
from the assay were reliable. 
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168. I loaded the gels with the samples according to the order described at the bottom 
of page 92. 
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169. I was unable to locate the images of the gels I ran from this series of experiments 
in my notebooks. Therefore, I am unable to comment on the results I obtained. 

19. Page 43, Notebook 26119 (ADE-25) 

170. From April 7-9, 1997, 1 attended a scientific conference and did not conduct any 

laboratory work during this time. 

171. On April 1 0, 1 997 I noted "Back From Asilomar" on page 43 . This notation 
reflects that I returned to work in the laboratory after attending the conference. 

172. I conducted and recorded the activities described on page 43 on April 10, 1997, as 
reflected by the dates recorded on that page. 

1 73. My records reflect that my activities were directed to constructing a DD.2 
extracellular domain (ECD) construct and making an Apo-2-IgG construct and expressing the 
constructs in cells. 

174. As reflected in the image below, I noted that before we left for the scientific 
conference, "Maya set up PCRs of DD.2 ECD with SM.l or SM.2 + SM.4." These entries 
reflect that Maya Skubatch set up PCR experiments using the extracellular domain sequence of 
the DD.2 DNA and PCR primers designated SM.l, SM.2, SM.4. I designed these primers as 
reflected by my initials ("SM") used in the primer designation and the sequence of the primers 
are submitted in ADE-31 and ADE-32. The SM.l and SM.2 primers corresponded to sequence 
on the 5' end of the "met" start site (SM.l) and overlapping with the "met" start site (SM.2), at 
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the 5 5 end of the extracellular domain. The SM.4 primer corresponded to sequence close to the 
predicted transmembrane domain of the DD.2 sequence at the 3' end of the extracellular domain. 
The purpose of the experiment was to amplify DD.2 extracellular domain sequences using PCR. 
I listed the tubes containing the primers and the DD.2 DNA. I noted that I used either 1 : 10 or 
1:100 dilutions of DD.2 DNA in these experiments. 



175. My continued activities are reflected in the image below. I noted that I "took 
PCRs above + Ran a Gel." I taped a photograph of the gel I ran on the left side of the page and 
described the experimental conditions under which I ran the gel on the right side of the page. 
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1 76. As reflected toward the bottom of page 43, 1 noted that "Also I ordered primers to 
make DD.2-ECD-FlagTag will be ready tomorrow afternoon." These entries reflect that I 
ordered primers for use in making a DD2.-ECD-FLAG fusion protein wherein the extracellular 
domain of the DD.2 molecule would be ligated to a FLAG tag. A FLAG tagged protein is useful 
for conducting immunoprecipitation and binding assays. 

20. Page 44, Notebook 26119 (ADE-25) 

177. I conducted and recorded the activities described on page 44 on April 13, 1997, as 

reflected by the dates recorded on that page. 

1 78. My records reflect that my activities were directed to constructing a DD.2-ECD- 
FLAG construct. 

1 79. Across the top of page 44, 1 wrote "PCRs of DD.2 ECD.Flag" reflecting that the 
experiments I conducted were PCR experiments designed to make a DD.2-ECD-FLAG fusion 
construct. 
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1 80. The DD.2 DNA used in these experiments was obtained from the PCR 
experiments I described on page 43. 

181. Directly below the entry in the image above, I listed the reagents I used in the 
PCR reaction. The 5 5 primer was either "SM.l" or "SM.2" and the 3' primer was a DD.2 Flag 
primer. My entries are reflected in the image below. 
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1 82. The image above reflects that I recorded the contents of the reaction tubes 
numbered 1 through 4 (reflected by the notation at arrow "A") which included either a 5' primer 
(SM.1 or SM.2), a 3' primer (DD.2 Flag), and DD.2 DNA either "neat" (non-diluted) or diluted 
1:10. (Diluting the samples may reduce the error rate when conducting the PCR experiment). 

183. I ran the PCR experiment, Dr. Sheridan added additional reagents to digest the 
reaction that afternoon, and the reaction incubated at 37 degrees Celsius overnight. These 
activities are reflected on page 44. 

21. Page 94-96 Notebook 26865 (ADE-24) 

184. I conducted and recorded the activities described on pages 94-96 on April 14 and 

15, 1997, as reflected by the dates recorded on those pages. 

1 85. My records reflect that my activities were directed to conducting NFkB 
experiments using a DD2.1 construct. 

186. On April 14, 1997, 1 made a radioactive NFkB probe for use in the NFkB assays I 
conducted. I recorded these activities on page 94 of my notebook and included the reagents I 
used to make the probe and the printout from the scintillation counter measuring the radioactivity 
(cpm) of the probe that I made. 
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1 87. The probe had approximately 1 .7 x 1 0 6 cpm of radioactivity which was sufficient 
for me to use in the NFkB assay. 

188. On April 14, 1997, 1 also transfected 293S cells with DNA encoding DD2 and 
prepared samples for analysis by NFkB assay as reflected by the entries I made on page 95 of my 
notebook, set forth in the image below. 
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1 89. My entries reflect that I recorded the plate number (1-9) and DNA I used to 
transfect the cells (prk5, DD.2 or TNFR1) on the left side of the page. I noted that the caspase 
inhibitor ZVAD was added to plates 4-6 and that prk-CRMA was co-transfected with the other 
DNA on plates 7-9. I recorded the reagents I used on the right side of the image above in tubes 
A and B and further noted that "Jamie Fed cells Fresh media at 9:00pm + put ZVAD on plates 4- 
6." These entries reflect that Dr. Sheridan ("Jamie") fed the cells and was the person who added 
the ZVAD caspase inhibitor to plates 4-6. 

190. My entries reflected in the image below correspond to activities I conducted and 
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recorded on April 15, 1997, and not 1996. The entries I made on page 95 reflect that I set up 
another NFkB assay and that I used tubes having cold (non-radioactive) probe in a set of tubes 
labeled A, and tubes having an NFicB-specific antibody in a set of tubes labeled B. I noted that 
the NFkB antibody should be added "15 min after start of incubation." The purpose of adding 
the cold oligonucleotide was to ensure that any NFkB probe hybridization observed was specific. 
As described above, the NFkB antibody was added to evaluate a shift in mobility of the NFkB 
band and served as a positive control in the experiment. 
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191. The results from these experiments are reflected in images of gels inserted in a 
pocket on page 95. The gels suggested that there may have been some NFkB activity, although 
the results were generally not conclusive. 

192. On April 14, 1997, 1 also conducted HeLa cell transfections and set up NFkB 
experiments in parallel to the experiments described above using 293 cells. 

193. As reflected in the image below, I recorded the plate number (1-9) and DNA I 
used to transfect the cells (prk5, DD.2 or TNFR1) on the left side of page 96. I noted that the 
caspase inhibitor ZVAD was co-transfected in the cells in plates 4-6 and that prk-CRMA was co- 
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transfected with DNA used to treat the cells on plates 7-9. On the right side of the page I noted 
that I put the DNA on cells, fed them with fresh media, and added ZVAD to tubes 4-6. 




194. The entry I made toward the middle of page 96, provided in the image below, 
reflects that I set up another NFkB assay on April 15, 1997, and that I used tubes having cold 
(non-radioactive) probe in a set of tubes labeled A and tubes having an NFicB-specific antibody 
in a set of tubes labeled B. I noted that the NFkB antibody should be added "15 min after start 
of incubation." The purpose of adding the cold oligonucleotide was to ensure that NFkB probe 
hybridization observed was specific, and the purpose of adding the antibody was to evaluate a 
shift in mobility of the NFkB, as described previously. 
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195. The results from these experiments are reflected in images of gels inserted in a 
pocket on page 96. The gels reflect that when cells were transfected with DD.2, NFkB 
increased, and that if they were also treated with the caspase inhibitor ZVAD, the amount of 
NFkB further increased. This appeared to suggest that the NFkB activity increased when 
apoptosis was blocked by the caspase inhibitor ZVAD, but not by CRMA. 

22. Page 45, Notebook 26119 (ADE-25) 

196. I conducted and recorded the activities described on page 45 on April 15, 1997, as 

reflected by the dates recorded on that page. 

197. My records reflect that I continued my work on PCR experiments from April 10 
and April 13, 1997, directed to making DD.2 fusion constructs (DD.2-ECD Flag and DD.2-IgG 
constructs). I noted that I "cleaned up PCRs from 4/10 + 4/13 with Qiaquick PCR purification" 
as reflected in the image below. 
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198. The entries I made at the top of page 45 reflect that I digested vectors containing 
the human and murine interferon alpha-IgG fusion DNA using the restriction enzymes EcoRl 
("Rl") and BSTEII (samples A and B), or using the restriction enzymes EcoRl and HINDIII 
("H3"). 

1 99. After digestion of the vectors, I ran the digested vector DNA on a gel and 
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"cleaned up gel fragments with Qiaquick gel extraction kit" as reflected by my entries on page 
45. 

200. Once I "cleaned up" both the gel fragments containing the vector, and the PCR 
products from the experiments I conducted on April 10 and 13, 1 set up "ligations" to ligate 
either 1) DD.2 with IgG sequence in the vectors I digested at the top of page 45; or 2) DD.2- 
ECD with FLAG sequences into plasmid vectors. Following the ligations, I transformed JM109 
bacterial cells with the ligated vectors. These activities are reflected in the image of my 
notebook page below. 
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201 . The entries at the bottom of page 45 next to "4/1 5/97" reflect that on April 1 5, 
1997, 1 picked bacterial colonies that I believed to be expressing the DD.2. 1 -IgG or DD.2.-Flag- 
ECD DNA. I designated colonies possibly containing DD.2-IgG DNA as "1-10," and colonies 
possibly containing DD.2-Flag-ECD DNA as "1 1-82." I further noted that I recorded additional 
information relating to these experiments on page 46 as indicated by the "To Page No. 46Z entry. 

23. Pages 46-48. Notebook 26119 (ADE-25) 

202. I conducted and recorded the activities described on pages 46-48 on April 1 5 and 
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16, 1997, as reflected by the dates recorded on those pages. 

203. My records reflect that my activities were directed to making DD.2 IgG or Flag 
fusion constructs. 

204. I noted at the top of page 46 that "Setup PCRs of DD.2 IgG or Flag-ECD." The 
DD.2-IgG entry has a "1" in a circle above it and the Flag-ECD entry has a "2" in a circle above 
it. These numbers reflect the protocols that I followed for the IgG fusion work (1) or the Flag- 
ECD fusion work (2) as reflected on page 46 and in the image below. 
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205. The purpose of these experiments was to use PCR to amplify the DD2-IgG 
sequences and DD2-ECD-Flag DNA sequences to determine if the plasmids contained inserts. 
The "XI 2" and "X80" entries reflect the number of tubes I used for the PCR reactions and the 
entries below the "XI 2" and "X80" entries reflect the volume of each reagent I needed for the 
number of reaction tubes I used in the experiment. 

206. Following the PCR reactions, I ran the PCR reaction products on gels and 
attached photographs of the gels to pages 46 and 47 of my notebook. I labeled each lane on the 
gels identifying the DNA picked from positive colonies 1-82 listed at the bottom of page 45. 

207. I noted at the middle of page 47 that "IgG's Didn't work" indicating that the PCR 
amplification of the DD2-IgG fusion described on page 46 was unsuccessful. I noted that "Flag- 
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ECD DD.2 worked picked #21, 38, 56, and 81 as plasmid preps." These entries reflect that the 
PCR amplification of the Flag-ECD DD.2 was successful and that I picked DNA corresponding 
to colonies 21, 38, 56, and 81 for use in making plasmid preparations of the DNA from those 
clones. These entries are reflected in the image of page 47 below. 
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208. On April 16, 1997, 1 noted at the middle of page 47 that I "worked up plasmid 
preps." This entry relates to the plasmid preparations referenced immediately above on page 47 
and reflects that I made plasmid preparations for the DNA in lanes 21, 38, 56, and 81. An image 
of these entries is provided below. 
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209. The notation at arrow "A" reflects that I further noted on page 46 "setup digests 
of plasmids to make IgG-DD2 intermediate then do mutagenesis." These entries reflect that I set 
up an experiment to digest plasmids that would be used to make a DNA construct encoding a 
DD2-IgG fusion intermediate. I planned to use the intermediate vector as an alternative 
approach to making a DD2-IgG fusion. The intermediate contained additional sequence that 
would ultimately be spliced out to bring the DD.2 and IgG portions of the DNA construct 
together. I proposed this approach because I was having difficulty obtaining a DD2-IgG fusion 
construct using traditional methods. 

210. I ran the digested plasmids I prepared on a "1% Agarose Gel" as reflected by my 
entry at the bottom of page 47. 

211. On page 48, my records reflect that I continued with the work described 
previously on pages 43-47. I noted at the top of page 48 that I "cut bands marked and purified 
with Qiagen Qiaquick Gel extraction kit." A photograph of the "marked" gel is taped at the top 
of page 48 and has four dots marking the bands to be excised from the gel. The marked bands 
are the four lowest bands on the image below. The bands I "cut out" and purified were the 
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plasmids I digested with various restriction enzymes as described on page 47. I noted at the 
middle of page 48 that I set up ligations which reflects that I ligated the restriction digested IgG 
donor sequences and DD.2 donor sequences (listed under "(Rapid Ligation Kit)") into "host" 
plasmids I previously prepared, which I designated U (C) prkHuIFNRIgGA (R1-H3) and (D) 
prkMuIFNaRIgGA (Rl -H3)." 
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212. Following purifications of the DNA from the gel I ran, I set up ligations using a 
commercially available "Rapid Ligation Kit" to ligate DD.2 DNA, IgG DNA, and vector DNA 
to form intermediate vectors containing the DD2 and IgG inserts, and the additional inserts 
described on page 47 ("ILIRIgG XBA-H3" and "2Fcl Sacl-H3"). These activities are reflected 
in the image above. 

213. After I completed the ligation experiment, I transformed JM109 E. coli cells with 
the newly ligated vectors. 
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214. Toward the bottom of page 48, I continued characterizing the DD.2-ECD Flag 
plasmids and made the following entries "4/16/97 Digest Plasmid Preps of DD.2 ECD Flag" 
reflecting that I digested DD.2-ECD Flag plasmid preparations that I made and described on 
page 47 of my notebook. The purpose of the digest was to confirm that the inserts in the 
plasmids were of the correct size. An image of notebook page 48 reflecting these activities is set 
forth below. 



_ _ 



.... 



... r _y..|. 

! I ! ' ' ! 



or' 



tfisBX 'P.q&M. C^MZ^XZ~ T J : i "ri",--, 

%*iC fixM (00.3.. e s: ~M ' J JI 

Witnesse invented by 



-h 



Q.N, 



| Recorded by 



j Date | 

— I | 



-; To Page No \ 



215. My entries reflect that I used "DNAs 21, 38, 56, 81" which correspond with the 
description of DNA I made on page 47. I further noted under the "Enzymes" entry that I used 
"R1-H3" (EcoRl - HINDIII) "or Rl-SacII-H3" (EcoRI-SacII-HINDIII) as the restriction 
enzymes used to digest the plasmids containing the DNA designated 21, 38, 56, and 81. 

216. I made an additional entry toward the bottom of page 48 "new Digests (Backup)" 
which reflects that I conducted additional digests using vectors containing DD.2 DNA or "prk5 
ILlR-IgG" DNA I described at the middle of page 48. I conducted these repeat digests to be 
certain I had a sufficient supply of materials to continue my DD2-IgG fusion work. 

217. The experimental conditions of the digest are described at the bottom left corner 
of page 48 and reflect that following the digest, the samples were incubated overnight ("O.N.") 
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at 37° (Celsius). 

24. Pages 49-50, Notebook 26119 (ADE-25) 

218. I conducted and recorded the activities described on pages 49-50 on April 17, 

1997, as reflected by the dates recorded on that page. 

219. My records reflect that I continued with the series of experiments I designed to 
obtain a DD.2-ECD-Flag fusion protein described previously on pages 47-48. 

220. At the top of page 49, 1 wrote "Ran Digest out on Gel," taped a photograph of the 
gel to the notebook page, and wrote "All look correct Gave to Mike for Sequences." I do not 
recall the last name of "Mike" but he was a person who worked in the Genentech sequencing 
facility to whom I provided the digested materials for sequencing. These entries reflect that I ran 
the digests that I conducted on April 16, 1997, and described on page 48, on a gel, and the 
banding pattern I observed appeared to be correct based on the restriction enzymes I used for the 
digests. 

221. I labeled the photograph of the gel on page 49 with the numbers 21, 38, 56, 81, 
21, 38, 56, 81 in the first eight lanes reading from left to right. These entries reflect that these 
were the DNA clones 21, 38, 56, and 81 that I used for the digests on April 16, 1997 and which I 
first selected on page 47, following PCR amplification of those sequences. 
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222. I further noted at the bottom of page 49 that "4/17/97 Set up PCRs of 
Transformation From 4/16 same protocol as on pg #46 except 5' primer SM.2; 3' primer ulgG 
P4." This experiment was a continuation of experiments directed to making DD.2-IgG fusion 
constructs. My entries reflect that I conducted PCR to amplify sequences using the above 
identified primers and DNA sequences from the JM109 cells transformed on April 16, 1997 and 
described at the middle of page 48. My activities are reflected in the image of page 49 set forth 
below. Following the PCR reaction, I ran the PCR products out on gels, photographs of which 
are attached to the bottom of page 49 and the top of page 50. 
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223. I noted at the center of page 50 that "#3 1 looks correct pick template preps put on 
wheel O.N." These entries reflect that I believed the PCR products loaded in lane #31 had the 
expected DD.2-lgG intermediate fusion insert. I selected clone number 31 and incubated the 
bacterial cells in LB broth supplemented with carbenicillin and K07 phage on a rotating wheel 
overnight in the warm room to grow phage containing single stranded DNA of the DD.2-IgG 
intermediate. 

224. At the bottom of page 50, 1 made the following entries: 
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225. My entries reflect that I ran the "Backup Digests" I described at the bottom of 
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page 48 on a gel, and purified the DNA corresponding to bands of the expected size using a 
Qiaquick gel extraction kit. I then used a rapid ligation kit to ligate the "Backup" fragments into 
vectors and transformed JM109 bacterial cells ("JM109s"). 

25. Pages 51-54, Notebook 26119 (ADE-25) 

226, I conducted and recorded the activities described on pages 51-54 on April 1 8, 

1997, as reflected by the dates recorded on that page. 

227. My records reflect that I continued with the experiments described on pages 48-50 
directed to making DD.2-IgG fusion constructs. Specifically the work I described on page 51 is 

a continuation of my work with "#31" DNA I previously identified as having the correct banding ' 
pattern for a DD2-IgG insert. The entry I made at the top of page 5 1 reflects these activities. 







Book Mo." T * * w 


51 




From Page No — j j 1 j ] . j ; j { j j 


:., j 1 i | : | ' I 




V 


-, 1 ; hecL'Jf j jzi 








.-•4--! : ! LJ -t — | — i-- - 1 — i — i- - \ L-l !. 

.J. J A^tJTlc^P i \WtZT l et '^pesLtJ ; o 


1 'I : 1 ; j I I 


yyfjg A ■ J 






! j M j ! V 1 





228. My entry "worked up templates on #31" reflects that I made single stranded DNA 
from the number 31 clone I previously described as having the DD.2-IgG insert, using K07 
phage. I isolated the bacterial supernatant having the phage DNA, and isolated single stranded 
phage DNA which had the number 31 DNA incorporated therein. 

229. I then used the "Ml " and "M2" primers to make double stranded DNA from the 
single stranded phage DNA. This process spliced together the desired DD.2 and IgG sequences 
resulting in a DD.2-IgG fusion construct. I ligated the DNA into plasmids, transformed and 
plated JM109 cells, conducted filter lifts, and selected for positive clones. 

230. Along the left side of page 51 I recorded the experimental conditions under which 
I conducted the mutagenesis experiments and are reflected in the image of the portion of page 51 
below. 
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231. As reflected in the entry above, after I completed the mutagenesis experiments, I 
transformed the newly ligated vectors carrying the mutagenized DNA into JM109 bacterial cells, 
placed filters over the transformed bacteria, and picked the filters from the JM109 transformants 
on April 19, 1997, as reflected by the entry "4/19/97 picked filters." 

232. On the right side of page 51,1 noted "Also label probes," reflecting that I 
radiolabeled probes which I used to probe the filters which were placed upon the transformed 
JM109 cells to detect positive colonies containing the DNA insert. I recorded my activities 
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directed to making the radiolabeled probe on the right side of page 51 and is set forth in the 
image from page 51 set forth below. 
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233. My entries on pages 52-54 reflect that I continued working on the experiments I 
first described on page 5 1 . 

234. On April 19, 1997, 1 made several entries at the top of page 52, as reflected in the 
image below: 
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235. My entries reflect that Dr. Sheridan ("Jamie") prepared the filters I picked 
(described on the bottom of page 51) for hybridization with radioactive probes to select for 
positive clones. The probes I used were labeled Ml and M2 probes corresponding to the primers 
I used when I conducted the mutagenesis experiments. Dr. Sheridan incubated the filters with 
the probes overnight ("ON"). 

236. On April 20, 1997, 1 made several entries at the top of page 52, as reflected in the 
image below: 
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237. My entries reflect that I washed the filters that Dr. Sheridan prepared to remove 
unbound or non-specifically bound probe from the filters. I placed autoradiographic film over 
the filters and allowed the film to expose. The radioactive M l or M2 probes would expose the 
film in spots where bacteria expressed the corresponding Ml or M2 primer sequence. I included 
the exposures in a pocket I pasted onto page 52. 

238. I identified colonies 3, 6, and 49 as positive for the Ml probe, and colonies 7, 17, 
and 29 as positive for the M2 probe. 

239. At the top of page 53, 1 made several entries, as reflected in the image below: 
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240. My entries reflect that on April 21, 1997, 1 conducted a "microscreen" of colonies 
designated Ml - 3, 6, and 49 and M2 7, 17, and 29. These colonies correspond to those I 
identified and described on page 52 which contained DNA encoding a DD.2-IgG fusion 
construct. 
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241. I noted that a "microscreen" is the "1 st three steps of mini screen + transform into 
JM109s and grow ON." A microscreen is the alkaline lysis portion of a miniscreen without the 
following clean up. 

242. On April 22, 1997, after conducting the microscreen on April 21, 1997, 1 picked 
filters from the microscreen and prepared the filters for hybridization using the same probe I 
used on the screens I conducted on April 19, 1997, and described on page 52. My activities are 
reflected in the image of the notebook page below. 



243. Following incubation of the filters overnight with the radioactive probe, on April 
23, 1997, 1 washed the filters and exposed autoradiographic film to the filters to identify colonies 
containing DNA that hybridize to the Ml or M2 probes. The positive colonies I identified I 
designated "Ml 3.4 and 6.31" and "M2 7.2 and 29.3." The first number in the designation 
corresponds to the number I identified from the first screen (e.g., Ml 3 and 6) and the second 
number (e.g., A or .3 1) corresponds to the colony number from the microscreen. I included 
images of the filters in a pocket taped into page 53 of my notebook. My activities are reflected 
in the entries on page 53 reproduced below. 





244. I then picked the positive colonies and made plasmid preparations from the 
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positive clones. I sent the plasmid preparations for sequencing. I later used these plasmids to 
transfect 293 cells as described on page 5 of my notebook 27505. 
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26. Page 1, Notebook 27505 (ADE-26) 

245. I conducted and recorded the activities described on page 1 on April 1 8, 1 997, as 

reflected by the dates recorded on that page. 

246. My records reflect that I set up transfection experiments using 293 cells and the 
DNA encoding the Apo-2-ECD Flag. I note that when describing the DNA to be used in these 
transformation experiments, I made the following notation "200 ul Prk5 Apo-2 (DD.2) ECD 
Flag" reflecting that I knew that the DD.2 DNA was now being designated "Apo-2," An image 
of my notebook page reflecting these entries is set forth below. 
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247. My entries reflect that I also described the reagents I used in 'Tube A" and "Tube 
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B", that I mixed the contents of tube A into tube B, and that I plated the DNA onto the cells. 

248. On April 19, 1997, 1 fed the cells contained on the plates I prepared on April 18, 
1997 "serum free media." I recorded this activity at the middle of page 1. 

249. On April 21, 1997, 1 noted that I "Harvested 40mls to set up expt" which reflects 
that I harvested 40 milliliters of the supernatants from the cells I transfected with the Apo-2 
ECD-Flag DNA. 

250. On April 22, 1997, 1 noted that I " Harvested rest of material [supernatants] + 
Gave to Bob for purification" which reflects that I harvested the remainder of the supernatant 
from the cells I transfected with the Apo-2 ECD Flag DNA and gave the material to Bob Pitti, a 
Senior Research Associate working in Dr. Ashkenazi's lab, for purification. 

27. Pages 2-3, Notebook 27505 (ADE-26) 

251 . I conducted and recorded the activities described on pages 2-3 on April 21-23, 

1 997, as reflected by the dates recorded on that page. 

252. My records reflect that I set up and conducted a NFkB assay using the Apo-2 
receptor. 

253. On April 21, 1997, 1 made several entries on page 2, as reflected in the image 

below: 
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254. The entry I made at the top of page 2 reflect that the work I conducted was 
directed to a "NFkB assay." The entry "4/21/97 Electroporated Helas" reflects that I transfected 
HeLa cells with the DNA listed on the page. I listed the DNA I used for the transfection to the 
right of the corresponding plates numbered 1-5 toward the top of page 2. 

255. I noted toward the right side of page 2 that I "added ZVAD lOOuM" to the 
transfected cells. As described earlier, ZVAD is a caspase inhibitor and I used ZVAD to 
evaluate the role of caspases in Apo-2 receptor signaling of apoptosis. 

256. On April 22, 1997, 1 noted on page 2 that I "Set up NFkB Assay As usual." 
Below that entry I described the reagents that I added to the sets of tubes I called A, B, and C. I 
noted that I incubated the samples with cold probe and NFkB antibody to reduce non-specific 
binding and to induce a mobility shift, respectively, as described earlier. 

257. Following incubation, I loaded two gels in the order described at the bottom of 
page 2 and exposed the gels overnight ("ON"). My activities are set forth in the image of page 2 
below. I taped a pocket onto page 2 which contains an image of the results from this NFkB 
assay. 
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258. The results from the gels I ran reflect that NFkB activity increased in the presence 
of the caspase inhibitor ZVAD. 

28. Page 4, Notebook 27505 (ADE-26) 

259. I conducted and recorded the activities described on page 4 on April 21, 1997, as 

reflected by the dates recorded on that page. 

260. My records reflect that I conducted binding experiments using the Apo-2-ECD 
Flag fusion protein and evaluated whether the fusion protein binds Apo-2-ligand (Apo-2-L). 

261 . At the top of page 4 I wrote "Does Flag ECD Apo-2 bind Apo-2L?." After I 
obtained the results from this experiment I wrote "yes!!!." 
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262. The purpose of this experiment was to evaluate whether Apo-2 ligand binds to the 
Apo-2 receptor ECD-flag fusion protein. 

263. Along the left side of page 4, 1 listed the tube numbers and the contents of the 
tubes that I used to conduct the binding experiments. The tubes contained either culture media 
alone ("SF Media"; tubes 1, 5, 9, 13), media containing the Apo-2 fusion protein ("Apo-2 
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media"; 2, 6, 10, 14), or media containing the Apo-2 fusion protein and Apo-2-ligand (tubes 3, 7, 
11, 15), or SF media and Apo-2L (tubes 4, 8, 12, 16). 

264. Under the "IP" (Immunoprecipitation) column I listed "Ni Resin" (Nickel Resin) 
as the reagent I used to precipitate receptor-ligand complexes through the ligand from tubes 1-8. 
I noted that I used "a-Flag resin" for tubes 9-16 reflecting that I used an anti-Flag antibody 
bound to a resin to precipitate bound receptor ligand complexes through the receptor from tubes 
9-16. I expected the antibody to bind the Flag portion of the Apo-2-ECD-Flag fusion protein 
which allowed for isolation of receptor-ligand complexes. The nickel resin precipitated the Apo- 
2L via a poly-His tag fused to the Apo-2L I used. The image below reflects my entries from 
page 4. 
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265. After I prepared the experiments, I incubated the media (e.g., Apo-2 media) with 
Apo-2-ligand for thirty minutes at room temperature on a rotator. Following the "media" 
incubation, I added resin to the media (either nickel resin or the a-Flag resin) and incubated the 
reaction tubes for another 1 .5 hours. The image below reflects my activities. 
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266. My entries reflect that following the resin incubation, I washed the resin with 
buffer, added sample buffer and dithiothreitol, and boiled the resin for ten minutes to release 
bound receptor-ligand complexes from the resin. I loaded the samples on a gel, in the order 
described at the bottom of the page, and blotted the gels to nitrocellulose filters. I put the filters 
in a 5% milk solution to block any non-specific binding of antibody to the filter paper. I wrote a 

"6" at the bottom of page 4 next to the "To Page No. " entry indicating that page 6 has 

additional information relating to these experiments. 

267. My work from this experiment is continued on page 6 of notebook 27505. 

29. Page 5, Notebook 27505 (ADE-26) 

268. I conducted and recorded the activities described on page 5 on April 21, 25, 26, 

28, and May 2, 1997, as reflected by the dates recorded on page 5. 

269. My records reflect that I set up plates of 293 cells to be used for transformation 
experiments "later in the week." The experiments that I conducted later that week on April 25, 
26, and 28 involved transfecting cells with Apo-2-IgG fusions or Apo-2-ECD-Flag fusions. 

270. On April 25, 1997, 1 transfected 293 cells with DNA encoding an Apo-2-IgG 
fusion protein and cells with DNA encoding an Apo-2-ECD-Flag fusion protein as reflected in 
my notebook entries, an image of which is reproduced below. I described preparation of these 
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constructs on page 54 of my notebook 261 19. 
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271. On April 26, 1997, I fed the cells, which I transfected on April 25, serum free 
culture media. 

272. On April 28, 1997, I noted that "took samples + gave to Assay services for Fc 
elisa" which reflects that I took supernatant samples from the cells I transfected on April 25, 
1997 and provided the supernatants to Genentech's Assay Services group to conduct an ELISA 
analysis to detect Apo-2-IgG fusion proteins. I attached the assay request form to page 8 of my 
notebook. 

273. On April 28 ,1997, 1 also "harvested s.f. sup of IgG plates + Gave to Bob to 
purify" which reflects that I harvested the supernatant from plates containing cells transfected 
with the Apo-2-IgG fusion DNA and provided the supernatant to Bob Pitti so that he could 
conduct experiments to purify the Apo-2-IgG fusion protein from the supernatant. I also re-fed 
the plates with fresh S.F. media. 

274. On May 2, 1997, 1 "harvested sups from plates" which reflects that I harvested the 
supernatant from the second feeding of the plates I transfected on April 25, 1997. 
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275. I recorded my activities on page 5 of my notebook, an image of which is set forth 

below. 



276. I conducted and recorded the activities described on page 6 on April 22, 1997, as 
reflected by the dates recorded on that page. 

277. My records reflect that I continued my experiments that I started on April 21, 
1997, and described on page 4. 

278. Across the top of page 6, 1 entered a "4" next to the "From Page No. " entry 

reflecting that the activities were continued from page 4. I also wrote "4/22/97 wash blots 1 x 
TBST" reflecting that I washed the immunoblots I prepared on April 21 with tris-buffered saline 
containing tween ("TBST"). 

279. After I washed the blots from gels 1 and 2, 1 incubated the blots with either "3ul 
a-Flag (M2)", (blot from gel 1), which is a Flag-specific antibody, or "2ul polyclonal #3 a-Apo- 
2L", (blot from gel 2) which is an Apo-2L specific polyclonal antibody. The a-Flag primary 
antibody was derived from mouse, whereas the a-Apo-2L antibody was derived from rabbits. 

280. After incubation of the blots from gels 1 and 2 with the primary antibodies, I 





30. 



Page 6, Notebook 27505 (ADE-26) 
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washed the blots to remove non-specific binding, and then incubated the blots with secondary 
antibodies. I incubated the gel 1 blot with a sheep anti mouse antibody, which is conjugated to 
HRP. I incubated the gel 2 blot with an anti-rabbit antibody, which is also conjugated to HRP. 
HRP allows for visualization of specific binding of the secondary antibody to the primary 
antibody. 

281 . I then exposed the blots and developed the films. The blots and films are inserted 
in a pocket that I taped into the bottom of page 6. 

282. The results I observed in the gels reflect that Apo-2L and the Apo-2-ECD Flag 
fusion protein were detected as a complex reflecting that Apo-2L bound to Apo-2-ECD-Flag. 

31. Page 18, Notebook 27505 (ADE-26) 

283. I conducted and recorded the activities described on page 1 8 on May 6, 1997, as 

reflected by the dates recorded on that page. 

284. My records reflect that I set up a PCR amplification experiment to amplify Apo-2 
DNA in cDNA libraries derived from various cell types. The purpose of this experiment was to 
identify cell types expressing the Apo-2 receptor. 

285. On May 7, 1997, 1 ran the PCR products on a gel and I taped photographs of the gels 
onto page 1 8 of my notebook. The image of my notebook entries set forth below reflects these 
activities. 
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D. Activities Conducted by Maya Skubatch 

286. As described in an earlier section of this declaration, Maya Skubatch was a 
temporary research associate in the Ashkenazi lab. 

287. While working under my immediate direction and supervision, Ms. Skubatch 
conducted experiments relating to the characterization of the Apo-2 receptor. I describe these 
experiments below. 

288. I reviewed Ms. Skubatch's notebooks 26577 and 27236 prior to providing the 
descriptions below. 

289. All dates prior to March 17, 1997 have been redacted. 
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1. Pa2es 76-77, Notebook 26577 (ADE-27) 

290. Ms. Skubatch conducted and recorded the activities described on pages 76-77 

prior to March 17, 1997, as reflected by the dates recorded on those pages. 

291 . Based on subsequent entries in Ms. Skubatch' s notebooks, the purpose of these 
experiments was to obtain a probe for use in Northern blot analyses. 



292. At the middle of page 76, Ms. Skubatch made the following entries: 




293. The entries under " DD.2 Receptor " reflect that Ms. Skubatch purified EcoRl and 
HINDIII digested DD.2 ("R1-H3") fragments. 

294. The entries toward the bottom of page 76 under the "Label with probe" entry 
reflect that Ms. Skubatch labeled the digested DD.2 fragments to make a probe which she used to 
probe blots in a Northern experiment. She listed the procedures that she followed to label the 
probe at the bottom of the page and the reagents used to do so. 

295. Toward the middle of page 77, Ms. Skubatch made the following entries: 
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296. The above entries reflect that Ms. Skubatch stripped nitrocellulose blots in 
preparation for conducting a Northern analysis. I provided her with the blots. The entries in Ms. 
Skubatch's notebook suggest that she prepared the blots according to the protocol described in 
the entry above, which included incubating the blots in an express hybridization solution, 
prehybridizing the blots for thirty minutes, transferring the blots to a new plate and adding a 
radiolabeled probe (which she described on page 76) that would bind to sequences on the blots 
having homology to the DD.2 sequence. Ms. Skubatch allowed the probe to hybridize to the blot 
overnight at 65°C as reflected by the entry "Hyb O.N. 65°." 

297. At the bottom of page 77, Ms. Skubatch taped the output from the scintillation 
counter measuring the radioactivity of the probe that she used to probe the blots. 

2. Pages 78-79, Notebook 26577 (ADE-27) 

298. Ms. Skubatch conducted and recorded the activities described on pages 78-79 

prior to March 1 7, 1997, as reflected by the dates recorded on those pages. 

299. The work described on page 78 is a continuation of the Northern blot experiments 



74 



described on page 77. Ms. Skubatch noted at the top of the page "Northern Blots Wash" 
reflecting that she washed the blots she described on page 77. The purpose of washing the blots 
was to remove unbound radioactive probe from the blots. She listed the specific solutions she 
used to conduct the washes at the top of the page. 

300. Following the wash, Ms. Skubatch exposed the blots to a phosphorimager which 
is a device that detects the radiation emitted from the 32 P isotope incorporated into the probe she 
used to probe the blots. 

301 . Ms. Skubatch included the results from the Northern analyses in a pocket that she 
taped onto page 79. The results reflected that DD.2 mRNA was present in several tissue samples 
including fetal kidney, liver, and lung, and adult PBLs (peripheral blood leukocytes), colon, 
small intestine, ovary, testis, prostate, thymus, spleen, pancreas, kidney, skeletal muscle, liver, 
lung, placenta, and heart. 

302. Ms. Skubatch conveyed these results to me on the same day that she obtained the 
results and I included a copy of the blots on page 56 of my notebook 26865. 

3. Pages 82 and 84-86, Notebook 26577 (ADE-27) 

303. Ms. Skubatch conducted and recorded the activities described on pages 82 and 

84-86 prior to March 17, 1997, as reflected by the dates recorded on those pages. 

304. On page 82, Ms. Skubatch set up PCR experiments using transformants that I 
provided to her and PCR primers designated SM.2 and ulgG 4. 

305. On page 84, Ms. Skubatch attached images of gels containing DD.2-IgG PCR 
products. Ms. Skubatch wrote "DD.2-IgG" at the top of page 84 reflecting that the samples were 
DD.2-IgG fusions. She made asterisks on sample numbers 6 and 20 reflecting that these samples 
had the proper banding pattern and that these samples would be used to make a larger scale 
preparation of the DNA in these samples. 
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306. Ms. Skubatch further noted at the bottom of page 84 "pick 6, 20 for 1 L Prep." 

307. Toward the middle of page 85, Ms. Skubatch noted "DD.2-IgG" and noted below 
that entry "Maxi Prep #6, #20." These entries reflect that she conducted a maxi-prep purification 
of the DNA constructs numbered 6 and 20, as shown on page 84, encoding a DD.2-IgG fusion 
protein. 

308. At the bottom of page 85, Ms. Skubatch made the following entries reflecting her 
work directed to conducting radiation hybrid experiments: 
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309. I asked her to conduct these experiments and the purpose of conducting the 
radiation hybrid experiment was to map the chromosome to which the DD.2 DNA was localized. 
Ms. Skubatch used a commercially available kit from Research Genetics to conduct the radiation 
hybrid experiments. She listed the reagents she used in the experiments at the bottom of page 85 
as reflected in the image above. 

310. Ms. Skubatch noted at the top of page 86 "Run Hybrid PCR on gel" and taped 
photographs of gels she ran to page 86. The gels reflected a banding pattern which was 
translated into a computer code and submitted to the Stanford Mapping facility. This was the 
end product of the hybrid experiment. 

311. The end product of the hybrid experiments produced a DNA marker that Ms. 
Skubatch designated "dd.2." She provided the results and information from her experiment to 
me and we sent the information she provided to me to the Radiation Mapping Facility at Stanford 
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University to determine the chromosome localization of the dd.2 marker. 

3 1 2. Ms. Skubatch attached a printed page to page 85 of her notebook that she received 
from me reflecting that the dd.2 marker mapped to chromosome 8. An image of a portion of the 
printout of page 85 reflecting the chromosome 8 localization is set forth below at arrow "A." 

A 

The calculation results were : 

submitted marker linked marker ODD cR_10P00 chrorn 



Reporting best led >= 6.0 

dd.2 D8S481 11,054567 9.90 8 

4. Pages 88-91 Notebook 26577 (ADE-27) 

313. Ms. Skubatch conducted and recorded the activities described on pages 88-91 on 

March 1 7 and 18,1 997, as reflected by the dates recorded on those pages. 

314. The activities that Ms. Skubatch recorded on pages 88-91 were directed to 
conducting PCR experiments to amplify sequences from DNA libraries derived from various 
fetal tissue sources such as kidney, lung, and small intestine. I asked her to conduct these 
experiments to confirm that the DD.2 sequence that had been identified and cloned in Dr. 
Ashkenazi's lab was present in multiple tissue sources and to look for alternative splice forms, if 
any, in the libraries. 

315. The entries on page 88 reflect that Ms. Skubatch set up PCR experiments using a 
variety of libraries from different tissue sources. I gave Ms. Skubatch the libraries. She also 
recorded the reagents that she used in the PCR experiment (upper right corner of image below) 
and the primer sets as recorded under the " Primer sets " entry on the right side of the page. The 
primers having a "prk" designation (e.g., prk Race 1) hybridize to sequence contained in the prk5 
vector; the primers having a "DD" designation hybridize to a sequence within the DD.2 sequence 
we sought to amplify; and the "SM.l" primer hybridized to the 5 prime region of the 
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extracellular domain of the DD.2 sequence. She designated each primer set A-F. An image of 
page 88 is set forth below. 
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3 1 6. The entries under "Sample" reflect the sample numbers corresponding to the 
libraries from each tissue source listed immediately to the right under the column labeled 
"Library." There were 66 samples in this experiment numbered 1 through 66. 

317. The entries under the "Primer sets" section reflect that Ms. Skubatch conducted 
35 cycles of PCR. The PCR reaction was run at 94° for 1 minute, then 60° for 1 minute, 
followed by 72° for 2 minutes ("94° 1' 60° 1 ' 72° 2'"). 

3 1 8. Ms. Skubatch ran the PCR products on gels and taped photographs of the gels to 
page 89 of her notebook. The images are labeled A-F under each corresponding tissue 
designation. The sample numbers for each tissue source (e.g., 1-6 for Human Fetal Lung library) 
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correspond to the sample numbers labeled A-F on the photographs of the gels that she attached to * 
page 89 (e.g., A-F for "Fetal Lung >2500"). The A-F designations reflect the particular primer 
set used for that particular sample in accord with the designations she made at the right side of 
page 88. For example, she used primer set "A" for sample 1. Primer set A corresponds to 
primers "prk Race 1 and "DD. Race 3." 

319. On March 18, 1997, Ms. Skubatch continued with the PCR experiments she 
began on March 17, 1997, and described on page 88. She continued her activities on pages 89, 
90, and 91. 

320. At the bottom of page 89, Ms. Skubatch wrote "Re-PCR 1 \il aliquot (2 nd Round)" 
and listed a number of samples and numbers below that entry. These entries reflect that she 
identified several PCR products from the experiments she conducted on March 17 and that she 
conducted additional PCR experiments using the PCR products from the listed sample numbers 
and different PCR primers. Ms. Skubatch listed ten samples at the bottom of page 89 and 
continued the list to the top of page 90. The image below reflects these entries. 
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321. The consecutively listed numbers in the image above reflect the sample numbers 
for the PCR experiments. Immediately to the right of those numbers are the numbers (preceded 
by a # sign) of the PCR products from the first round of PCR (e.g., sample "1" corresponds to 
"#10"). The next entry, reading left to right, reflects the PCR primer designations used for that 
particular sample, (e.g., sample 1, #10, used primers designated SM.2 and DD.Racel). The last 
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entry, reading left to right, reflects the tissue origin of the DNA library from which the PCR 
products were originally isolated (e.g., sample 1, #10, was isolated from a human fetal lung 
library having the designation "Hufe lung 1.3-2.5). The numbers following the library 
designation (e.g., 1 .3-2.5) reflects the size of the cuts made in the library DNA (in kilobases) to 
make the libraries. 

322. Ms. Skubatch listed the remainder of the 16 samples she prepared for this 
experiment at the top of page 90 following the same nomenclature format as that provided at the 
bottom of page 89. 

323. Ms. Skubatch recorded the PCR reaction conditions and the reagents she used in 
the PCR reactions at the middle of page 90 under the entry " PCR Reaction ". On the bottom left 
side of page 90, underneath an image of a gel that she taped into her notebook, she also listed ten 
samples under the entry "Repeat" reflecting that she planned to repeat the PCR reaction for the 
samples listed. The samples she listed were 10, 22, 27, 39, 44, 49, 51, 58, 62 and 63. 

324. The photograph of the gel Ms. Skubatch attached to page 90 contains four 
asterisks at sample numbers 11, 12, 13 and 15, which correspond to DNA from the initial PCR 
experiments corresponding to #51, 58, and 63. The asterisks reflect that the samples in these 
lanes had the expected banding pattern for the primers used in the PCR reaction. 

325. At the top of page 91, Ms. Skubatch wrote "PCR" with the word "redo" directly 
below, reflecting that she was repeating the PCR reaction for the samples listed at the top of page 
91 . The samples she listed included those samples she listed at the bottom of page 90 and were 
sample numbers 10, 22, 27, 39, 51, 58, and 63. As before, reading from left to right, she listed: 
1) a sample number (1-7); 2) a second number preceded by a pound sign (e.g., #10) reflecting the 
sample obtained from the initial PCR experiment as described on page 88; 3) the source 
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designation from which the PCR product was derived {e.g., human fetal lung); 4) and the primers 
used in the PCR reaction {e.g., SM.l, DD.Race2). 

326. Ms. Skubatch listed the reagents she used in the PCR reaction at the middle of the 
page and taped a labeled photograph of the gel she ran containing the PCR products from this 
experiment. The labels reflect the PCR products from samples numbered 10, 22, 27, 39, 51, 58 
and 63, reading right to left. The results Ms. Skubatch obtained suggest that all samples except 
sample 10 had the expected PCR product corresponding to the DD.2 sequence. 

5. Pages 92-93 Notebook 26577 (ADE-27) 

327. Ms. Skubatch conducted and recorded the activities described on pages 92-93 on 

March 19, 1997, as reflected by the dates recorded on those pages. 

328. At the top of page 92, Ms. Skubatch wrote "Run PCR on 6% TBE gel p. 91" 
reflecting that she ran the PCR products from page 91 on a gel. As mentioned above, she 
attached a photograph of the gel she ran to page 91 . 

329. Ms. Skubatch further noted at the top of page 92 "Purify fragments (11, 12, 13, 
15) (2-7)" reflecting that she would: 1) purify fragments 1 1, 12, 13, and 15 from the second 
round of PCR experiments she conducted which are described on page 90 and highlighted by the 
asterisks on the photograph of the gel on page 90; and 2) purify samples 2-7 described at the top 
of page 91 . She taped a "Technical Bulletin" from a Promega DNA purification kit which she 
used to purify the fragments described above. 

330. At the top of page 93, Ms. Skubatch wrote " Quick Ligation of PCR into pGEMT " 
reflecting that she ligated the PCR products that she purified, as described on page 92, into a 
pGEMT plasmid vector. She listed the reagents used in the ligation on the top left side of the 
page and listed the sample numbers at the top of the right side of the page. Ms. Skubatch 
numbered the samples 1 A through 10A and listed the original PCR designation from the 
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experiment on page 88 (e.g., "#22") and the PCR primers she used to obtain the various purified 
PCR products to the right of each (e.g., "sm.l, race2"). The image below reflects these entries. 
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331. Following the ligation experiment, Ms. Skubatch transformed the newly ligated 
DNA into bacterial JM109 cells. This activity is reflected by the entry " Transformations " and 
the entries directly below that entry. Following incubation of the cells for "45' 37° on wheel" 
(45 minutes at 37 degrees Celsius), she plated one hundred microliters of the transformed cells 
on IPTG/X-GAL. IPTG induces expression of the lacZ gene which converts X-GAL to a blue 
stain. This system is used to confirm transformation of the cells. (Ms. Skubatch erroneously 
wrote "NZYDT/IPTG" in her notebook. This is not a reagent that she would have used in this 
experiment). 

332. Ms. Skubatch also conducted and recorded new experiments on page 93. She 
made the following entries toward the bottom of page 93: 
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333. Ms. Skubatch wrote "DD.2 -5'" with "PCR" directly below the DD.2 entry. 
These entries reflect that she conducted another set of PCR experiments to amplify sequences 
corresponding to the 5 5 end of the DD.2 sequence. As in earlier experiments, she used different 
DNA libraries as a source of template DNA (e.g., Human spleen) and different PCR primers to 
conduct the reaction (e.g., SM.l and DD Race 3 or DD Race 2). 

334. Ms. Skubatch listed the sample numbers (1-12) along the left side of the bottom 
of page 93. For each library source, she used either the SM.l and DD Race 3 primers, as in 
samples 1, 3, 5, 7, 9, and 1 1, or the SM.l and DD Race 2 primers, as in samples 2, 4, 6, 8, 10, 12. 

335. Ms. Skubatch listed the reaction conditions at the bottom right of page 93. She 
ran the PCR products from the samples on a gel and taped a photograph of the gel she ran at the 
bottom of page 93. 

6. Page 95, Notebook 26577 (APE-27) 

336. Ms. Skubatch conducted and recorded the activities described on page 95 on 

March 21, 1997, as reflected by the date recorded on that page. 

337. The experiments on page 95 are a continuation of the PCR experiments described 
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on page 93. 

338. At the top of page 95, Ms. Skubatch wrote 'Transform 3 PCR products p. 93 Hu 
Thymus, Lung, Spleen using rapid ligations into pGEMT" These entries reflect that she ligated 
three PCR products from the PCR experiments described on page 93 into a pGEMT vector using 
a rapid ligation kit. Based on the markings she made on the photograph of the gel on page 93, 
she used the PCR products from samples 2, 4, and 8, corresponding to the spleen, thymus, and 
lung samples, respectively. 

339. Following ligation into the pGEMT vector, Ms. Skubatch transformed JM109 
bacteria, incubated the cells, and grew the cells to allow for propagation of the ligated PCR 
products in the bacteria. She recorded the assay conditions at the middle of page 95. 

7. Pages 1 and 2 Notebook 27236 (ADE-28) 

340. Ms. Skubatch conducted and recorded the activities described on pages 1-2 on 

March 24, 1997, as reflected by the date recorded on those pages. 

341. The experiments on page 1 are a continuation of the PCR experiments she 
described on pages 93 and 95 of her notebook 26577. The experiments on page 2 are a new set 
of experiments involving PCR of the DNA encoding a DD.2-IgG fusion construct. 

342. The image below reflects entries Ms. Skubatch made at the middle of page L 
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343. Ms. Skubatch's entries reflect that she continued with PCR experiments 
designated "5' of DD.2". She noted "Religate into pGEMT and transform" and listed at the right 
side of page 1 three samples (1 A, 2A, and 3 A) corresponding to the human thymus, lung, and 
spleen PCR products she first described on page 95 of notebook 26577. The remaining entries 



the protocol she followed to transform "JM109" cells and plate the cells on "(LB + Carb + IPTG- 
X-gal)" overnight at 37°. The plating conditions reflect use of "LB" agar supplemented with 
carbenicillin (a selection antibiotic) and IPTG (a reagent that induces expression) and X-gal (a 
substrate used to detect expression of the lacZ marker gene which is induced by IPTG). The 
additional reagents added to the agar are used as confirmation that the transformation systems is 
functional. For example, if cells survive on carbenicillin, that indicates that the cells 
incorporated the pGEMT plasmid harboring the gene providing carbenicillin resistance. 
Similarly, if the cells stain blue, following incubation with the X-gal substrate that reflects that 
the lacZ gene encoding beta galactosidase is expressed following addition of IPTG and 



on the page reflect the reagents she used to ligate the PCR products into the pGEMT vector and 
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functional because the enzyme converts the X-gal substrate to a blue stain. 
344. Ms. Skubatch made the entries below at the top of page 2. 
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345. The entries Ms. Skubatch made on page 2 reflect that she conducted a PCR 
experiment to construct a DNA encoding a DD.2-IgG fusion protein. She recorded the reaction 
conditions under the "PCR" entry she made at the top of page 2. Ms. Skubatch wrote "rxn 

1 :sm.r' and "rxn 2:sm.2" near the top of page 2 which reflects that she used either the "sm.1" 
PCR primer or the "sm.2" PCR primer in the experiments in conjunction with the sm.4 primer 
she listed under the reagents. She received the primers and the DD.2-1 DNA construct from me. 
The sm.l and sm.2 primers correspond to sequence at the 5 prime end of the extracellular 
domain. Sm.4 corresponds to sequence on the 3 prime end of the extracellular domain close to 
the transmembrane domain. Ms. Skubatch recorded the PCR reaction conditions and noted "Run 
lOul on 6% TBE" reflecting that she ran an aliquot of the PCR products on a gel. She taped a 
photograph of the gel on the top right portion of the page. 

346. Following the PCR reactions, Ms. Skubatch conducted a restriction digest of the 
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PCR products using the restriction enzymes Bstell and EcoRl and purified the fragments, as 
reflected in the entries in the image of page 2 below. She listed the reagents she used in the 
digest on the left side of the image of page 2 below. 



8. Page 3, Notebook 27236 (ADE-28) 

347. Ms. Skubatch conducted and recorded the activities described on page 3 on March 

25, 1997, as reflected by the date recorded on those pages. 

348. The experiments Ms. Skubatch recorded on page 3 are a continuation of the DD.2 
5' ligations she described on page 1. 

349. At the top of page 3, Ms. Skubatch wrote "Miniscreen via PCR DD.2 5' ligations 
lig #1" reflecting that she was going to screen the first ligations she made into the pGEMT 
vectors she described on page 1 to evaluate whether the PCR products were ligated into the 
pGEMT vectors. Ms. Skubatch recorded the reagents she used in the PCR reaction as well as the 
reaction conditions on the left side and at the top of page 3. She ran the PCR products on a gel 
and taped a photograph of the gel to the top of page 3. Her activities are reflected in the image of 
page 3 below. 



87 



350. Ms. Skubatch noted below the PCR reaction conditions "work up #4, 5" reflecting 
that samples in lanes labeled 4 and 5 appeared to yield the correct banding pattern and would be 
purified and larger quantities of the samples would be made for use in other experiments. At the 
bottom of page 3, she wrote "Transform prk5-> 3L" over "4,5" which reflects that Ms. Skubatch 
made a three liter preparation of pRK5 and the standard 500 ml preparation for clones designated 
#4 and #5. Though difficult to see on the image above, she made two stars in lanes labeled 4 and 
5 reflecting that the samples loaded in these lanes yielded the expected banding pattern for the 
DD.2 PCR products. 

351. At the bottom of page 3, Ms. Skubatch wrote " Quick Ligation & transformation / 
IgG-DD.2 " reflecting that she conducted a ligation and transformation experiment using the IgG- 
DD.2 construct. The experiments described at the bottom of page 3 are a continuation of the 
experiments described on page 2. The image of page 3 below reflects these activities. 
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352. Under " Inserts " Ms. Skubatch wrote "DD.2 (sm. l-sm.4) A (Rl-BSTEII)" 
reflecting that the inserts she used in this ligation were from the EcoRl and BSTEII digests she 
conducted and described on page 2. Under " Vectors " she listed the vectors into which she 
ligated the DD.2 inserts. The vectors were provided to Ms. Skubatch by me. 

353. At the right side of the image above, Ms. Skubatch listed the reagents she used in 
the ligation experiment and recorded the transformation procedure she used to transform JM109 
cells with the ligated vectors (i.e., "Transformation; -lOOul JM109; 20' 0° 45" 42° 2'0°"). 



354. Ms. Skubatch conducted and recorded the activities described on pages 4-5 on 
March 26, 1997, as reflected by the dates recorded on those pages. 

355. The experiments described on page 4 are a continuation of the DD.2-IgG ligations 
and transformations she described on page 3. 

356. Ms. Skubatch conducted PCR on the ligations she made on page 3 as reflected in 
the image of her entries on page 4 below. 



9. 



Pages 4-5, Notebook 27236 (ADE-28) 
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357. Along the left side of page 4, as reflected in the image above, Ms. Skubatch listed 
sample numbers 1-44 and the corresponding ligations (from page 3) that would be included in 
each sample. The ligation designations correspond to the vectors listed on page 3 (either vector 
A, B, or E) and one of the inserts listed on page 3 (insert 1 = DD.2 (sm.l-sm.4) A (Rl-BSTEII) 
or insert 2 = DD.2 (sm.2-sm.4) A (Rl-BSTEII)). Therefore, for example, ligation "1 A" reflects 
insert number 1 ligated into vector "A", and ligation "E2" reflects insert 2 ligated into vector 



358. Ms. Skubatch listed the reagents she used in the PCR reaction and the reaction 
conditions on the right side and middle of page 4, respectively. 

359. Ms. Skubatch ran the PCR products on gels and taped labeled photographs of the 
gels to page 4. She labeled the lanes on photos of the gels corresponding the sample numbers 
described above and marked lanes 10, 31, and 41. These markings reflect that the PCR products 
in these lanes yielded a banding pattern having the expected PCR product. 

360. Ms. Skubatch noted " Submit IgG DD.2 ; #10, 31, and 41 for sequencing" 
reflecting that she would submit the DNA from samples 10, 31, and 41 to the Genentech 
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sequencing facility for sequencing. 

361 . On the top of page 5, Ms. Skubatch wrote "pick #1 0, 30, 3 1 , 41" for maxi prep" 
reflecting that she picked DNA from samples 10, 30, 31, and 41 from the PCR experiments 
described on page 4 to make large scale plasmid preparations. 

362. Ms. Skubatch further noted at the top of page 5, "Maxiprep 4, 5, 5xprk5" which 
reflects that she conducted a large scale plasmid preparation of samples 4, 5, and made five 
bottles of pRK5 vector. The above noted samples 4 and 5 originate from the "DD.2 5" ligations 
described on page 3 which Ms. Skubatch noted that she should "work up." 

10. Page 6, Notebook 27236 (ADE-28) 

363. Ms. Skubatch conducted and recorded the activities described on page 6 on March 

31, 1997, as reflected by the dates recorded on those pages. 

364. The experiments described on page 6 are a continuation of the experiments Ms. 
Skubatch designated DD.2-5' using PCR to amplify 5 prime sequences of the DD.2 DNA. 

365. Under the "PCR" entry at the middle of page 6, Ms. Skubatch noted " DD.2-5' - 
try to pull 5 5 again using more external primers" which reflects that she conducted PCR 
experiments using different primers than previously used in similar experiments to amplify the 5 
prime end of the DD.2 sequence. 

366. Ms. Skubatch listed samples numbered 1-12 toward the bottom of page 6 and 
noted that she used a human lung library in the PCR reactions ("Hu lung"). Under the " Primers " 
entry she listed the primers that she used for each sample (samples 1-3 used sm.l as one primer 
for the samples, and race.l, race. 2 and race.3 as the second primer for samples 1, 2, and 3, 
respectively; samples 4-6 used sm.2 as one primer for the samples, and race.l, race.2, and race.3 
as the second primer for samples 4, 5, and 6, respectively. She noted for samples 7-12 (using the 
fetal lung library) that she used the same primer setup as those for samples 1-6. 
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367. Ms. Skubatch listed the reagents she used in the PCR experiment on the right side 
at the bottom of page 6 and further listed the PCR reaction conditions at the bottom left side of 
page 6. 

368. Ms. Skubatch ran the PCR products on a 6% gel, as reflected by the entry "Run 
on 6% gel" and she taped a photograph of the gel at the bottom right of page 6. She marked 
lanes labeled 1 and 2 (corresponding to the human lung library using primers sm. 1 and race. 1 
and sm.l and race.2, respectively) with stars reflecting that these lanes had the expected banding 
pattern for the PCR experiment she conducted. Ms. Skubatch noted "Purify 1 & 2" at the very 
bottom of page 6, reflecting that she would purify the PCR products in samples 1 and 2. 

11. Pages 7-8, Notebook 27236 (ADE-28) 

369. Ms. Skubatch conducted and recorded the activities described on pages 7-8 on 

April 1, 1997, as reflected by the dates recorded on those pages. 

370. The experiments described on the top half of page 7 are a continuation of the 
experiments she described on page 6 using the DD.2-5' sequences, whereas the experiments 
described on the bottom half of page 7 and the top of page 8 are a continuation of experiments 
described on pages 3 and 4 involving the DD.2-IgG fusion construct. 

371 . Ms. Skubatch wrote at the top of page 7 "5'-DD.2" over "Purify 1,2, on a 
column" reflecting that the experiments she described on page 7 were experiments using the 5 
prime DD.2 sequences and that she purified the PCR products from samples 1 and 2 using a 
Promega PCR purification kit. 

372. Ms. Skubatch wrote "Ligation" toward the top of page 7 reflecting that following 
purification of the PCR products from samples 1 and 2, she ligated the purified sample 1 and 2 
inserts into a pGEMT vector. She recorded the reagents she used for the ligation at the top right 
side of page 7. 
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373. Ms. Skubatch made the following entries toward the bottom of page 7 reflecting 
that she continued her work on the DNA encoding the DD.2-IgG fusion protein from page 4. 
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374. The entries at the bottom of page 7 in the image above reflect that Ms. Skubatch 
conducted a restriction digest of the DD.2 constructs designated #41 , #10, and #31 (see page 4) 
using the restriction enzymes EcoRl and Bstell ("Digest w/ Rl BSTEII"). She recorded the 
reagents she used for the digests on the right side at the bottom of page 7. She ran the restriction 
products on a gel and taped a photograph of the gel at the bottom of page 7. 

375. At the top of page 8, Ms. Skubatch made the entry provided in the image from 
page 8 below. The entry reflects that she repeated the DD.2-IgG ligation first described on page 
3, using the vector designations "A, B, E" and the inserts designated "1,2". She made a note to 
"screen uIgG.4-sm.l" which reflects that when she was ready to conduct the screen, she screened 
the ligation with primers corresponding to the uIgG.4 and sm.l primers. 

12. Page 9, Notebook 27236 (ADE-28) 

376. Ms. Skubatch conducted and recorded the activities described on page 9 on April 

2, 1997, as reflected by the dates recorded on those pages. 
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377. The experiments described on page 9 are a continuation of two experiments. Ms. 
Skubatch conducted PCR screens of 1) re-ligations of the DD.2-IgG fusion constructs she 
described on pages 3, 4, and 8; and 2) the DD.2-5' ligations she described on page 6 and the top 
portion of page 7. 

378. An image of page 9 reflecting Ms. Skubatch's activities is set forth below. 
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379. The first set of entries corresponding to arrow "A" reflects that Ms. Skubatch 
listed samples "#1-48" with the corresponding designations from the IgG-DD.2 ligations. The 
IgG-DD.2 ligations were described on pages 3, 4, and 8 and have the same "1 A, 2A, IB, 2B, IE, 
2E" designations as reflected at the top of page 9. Her entries reflect that samples 1-5 
correspond to the 1 A ligations; samples 6-14 correspond to the 2 A ligations; samples 15-25 
correspond to the IB ligations; samples 26-28 correspond to the 2B ligations; samples 29-38 
correspond to the IE ligations; and samples 39-44 correspond to the 2E ligations. Ms. Skubatch 
appears to have made an error when she numbered the samples "#1-48." She should have 
labeled the samples 1-44 because there were only 44 samples in the IgG-DD.2 ligations 
described on page 4. 
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380. Ms. Skubatch listed the reagents (including primers) that she used in the PCR 
screen to the right of the IgG-DD.2 sample designations. 

381. The set of entries corresponding to arrow "B" on the image above reflects that 
Ms. Skubatch conducted a PCR screen using the DD.2-5' human lung ligations she described on 
page 6 and at the top of page 7. She labeled these samples "#49-72." Sample numbers 49-60 
correspond to the 1 A ligations and samples 61-72 correspond to the 2 A ligations, first described 
on page 3 and 4. 

382. Ms. Skubatch noted that she used the same PCR screening protocol for samples 
49-72 as the samples 1-48 except that she used primers designated "Ml 3" in both the forward 
and reverse directions, for samples 49-72 rather than the IgG.4 and sm.l primers she used for 
samples 1-48. 

383. Ms. Skubatch conducted the PCR reactions and ran the PCR products on several 
gels and taped photographs of the gels to the bottom of page 9. She marked one image with a 
star at lane 5 reflecting that the band in lane 5 corresponded to PCR products having a band of 
the expected size for the DD.2-IgG DNA. She wrote "plasmid prep of #5 'A+B/sm.l-sm.4'; 
digest w/ Rl-BsteII" reflecting that she created a plasmid preparation using the number 5 DD.2- 
IgG PCR product. The entry "digest w/ Rl-BstelF' reflects that Ms. Skubatch was to conduct a 
restriction digest of the DD2-IgG plasmid using the restriction enzymes EcoRl ("Rl") and 
Bstell. 

384. Ms. Skubatch wrote "Pick 96 of 1 A for miniscreen" at the bottom of page 9 which 
reflects that, at my request, she picked 96 additional colonies that were transformed as described 
for the "1 A" described on page 9. I asked her to pick additional colonies to continue to search 
for positive clones. 
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13. Page 11, Notebook 27236 (ADE-28) 

385. Ms. Skubatch conducted and recorded the activities described on page 1 1 on April 

3, 1 997, as reflected by the date recorded on that page. 

386. Ms. Skubatch conducted and recorded the activities described on page 1 1 on April 
3, 1997, as reflected by the date she recorded on that page. The experiments described on page 

1 1 are a continuation of two experiments. She conducted a "maxiprep" (plasmid preparation and 
purification) of the plasmid preparations, and then she digested the plasmid preparations using 
restriction enzymes. She also conducted a PCR screen of the additional ninety-six samples that I 
asked her to pick derived from the "1A" samples from the DD.2-5' ligation described on page 7. 

387. An image of page 1 1 reflecting Ms. Skubatch's activities is provided below. 
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388. The entry "MaxiPrep IgGDD.2 #5; digest (Rl-BsteII)" Ms. Skubatch made 
reflects that she conducted a restriction digest of previously purified PCR products from the 
sample #5 described on page 9. She ran the digest on a gel and taped a photograph of the gel at 
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the middle of page 1 1 . 

389. The "Miniscreen 5'DD.2 (lig 1 A)" entry Ms. Skubatch made reflects that she 
conducted a PCR screen of the PCR products from the "1A" DD.2-5' human lung ligation she 
described on page 7. She used Ml 3 PCR primers in both the front and reverse direction in the 
screen as reflected by the "Ml 3" entries she made in the list of reagents she used in the PCR 
screen at the bottom of page 1 1 . 

390. Ms. Skubatch taped a pocket to page 1 1 and included photographs of the gels she 
ran containing the PCR products from the screens she conducted. There are no markings on the 
images and it appears that this experiment was unsuccessful. 

14. Pages 12-13 Notebook 27236 (ADE-28) 

391. Ms. Skubatch conducted and recorded the activities described on pages 12-13 on 

April 4, 1997, as reflected by the dates recorded on those pages. 

392. The experiments described on page 12 reflect that she conducted PCR 
experiments to amplify the DD.2 insert of the DD.2-IgG fusion. 

393. At the top of page 12, Ms. Skubatch wrote " DD.2-IgG Construct: PCR the DD.2 
Insert " reflecting that she conducted a PCR experiment to amplify the DD.2 insert in the fusion 
construct. Ms. Skubatch listed the reagents she used in the reaction at the top of the page which 
included DD.2 DNA and either sm.l or sm.2 primers ("sm.l/sm.2") in conjunction with the 
"sm.4" primer. She recorded the PCR reaction conditions and ran the PCR products on a gel. 
She taped a photograph of the gel to the top of page 12. 

394. Following the PCR reaction, Ms. Skubatch conducted a restriction digest of the 
PCR products as reflected by her entry "PCR Product Digestion w/Bstell and EcoRl " She 
listed the reagents and reaction conditions for the digest at the middle of page 12. 

395. At the top of page 13, Ms. Skubatch wrote " DD.2-5' End ; PCR HuLung" 
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reflecting that she continued my PCR experiments to amplify DD.2-5' sequences from a human 
lung library. She listed the reaction numbers 1-9 under the "Rxn#" entry on the right side of the 
page. To the right of each reaction number she recorded the PCR primers she used for each 
sample (e.g., reaction 1 primers were "prk-rev" and "DD.race.l"). Ms. Skubatch listed the 
reagents she used and the PCR reaction conditions at the right side of page 13. She noted "Run 
lOul on 6% TBE; Refrigerate" reflecting that she ran ten microliter samples on a 6% gel and 
refrigerated the rest of the PCR reaction. 

15. Page 16, Notebook 27236 (ADE-28) 

396. Ms. Skubatch conducted and recorded the activities described on page 16 on April 

23, 1997, as reflected by the date recorded on that page. 

397. At the middle of page 16, Ms. Skubatch wrote "DD.2 ECD-flag" over "Quick 
Transformation 1000ml^4L" reflecting that she used a construct designated DD.2-ECD-flag in 
a quick transformation experiment. The entry "Quick Transformation 1000ml->4L" reflects that 
Ms. Skubatch used a one liter volume (1000ml) of LB broth in a four liter (4L) flask to grow the 
bacteria which had been quick transformed with DD.2-ECD Flag. 

398. Ms. Skubatch received the DD.2-ECD-Flag construct from me. The DD.2-ECD- 
Flag construct was a fusion construct encoding the extracellular domain ("ECD") of the DD.2 
protein ligated to a "FLAG" tag. A FLAG tag is used in conjunction with a FLAG-specific 
antibody, or other flag-specific reagents, to purify or isolate molecules having the flag tag fused 
thereto. 

16. Page 17, Notebook 27236 (ADE-28) 

399. Ms. Skubatch conducted and recorded the activities described on pages 17 on 

April 24, 1997, as reflected by the dates recorded on those pages. 

400. Ms. Skubatch wrote " MaxiPrep " at the top of page 17 and listed "DD.2-ECD 
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FLAG" under the Maxiprep entry reflecting that she conducted a maxiprep DNA purification of 
DD.2-ECD FLAG DNA. The source of -the DD.2-ECD-FLAG DNA was from the 
transformations she conducted on April 23 and described on page 16. 

401 . At the bottom of page Ms. Skubatch made the following entries reflecting that she 
made a DD.2 construct in a BlueScript plasmid. BlueScript was a commercially available vector 
routinely used for making DNA constructs. 
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402. The notation at arrow "A" shows that Ms. Skubatch drew a schematic of the 
BlueScript vector and included the restriction cuts that would be made following digestions with 
EcoRl ("Rl") and Hindlll, and the "Apo-2 (DD.2)" insert that would be ligated at the two 
restriction sites. She listed the digestion conditions below the " Blue Script - DD.2 Construct " 
entry at the middle of page 17. She allowed the digest to progress at 37 degrees Celsius 
overnight ("37° O.N."). 

17. Page 18 and Page 23, Notebook 27236 (ADE-28) 

403. Ms. Skubatch conducted and recorded the activities described on page 18 on April 



e^t ZZZ Z : 

O^r^C. SJ.. . 

o r r^_ H3 . 

_ZL ^e jsz>mm.r..& 

jcUtuBL 

W 6 Q. frJ 



Rl 




99 



25, 1997, as reflected by the date she recorded on that page. Ms. Skubatch conducted and 
recorded the activities described on page 23 on April 28, 1997, as reflected by the date recorded 
on page 22. The activities she conducted on page 23 completed the experiments described on 
page 18. 

404. At the middle of page 1 8, Ms. Skubatch wrote " redigest " and listed the reagents 
she used in the "redigest." The reagents she listed include "3 ul DD.2" DNA and "2ul Bscript 
KS +" reflecting that she re-digested the BlueScript construct she first described on page 1 8. She 
noted "2hrs 37°" reflecting that she ran the digest for two hours at 37 degrees Celsius. 

405. On page 23, Ms. Skubatch wrote "Run Digest from Friday" reflecting that she ran 
the DD.2 - BlueScript digests on a gel. According to her notebook, the only digests she ran on 
Friday were the DD.2 BlueScript digests. She labeled the 6 th lane on photograph of the gel she 
taped to page 23 with "DD.2 R1-H3" reflecting the DD.2 DNA was digested with EcoRl and 
Hindlll restriction enzymes. 

406. Ms. Skubatch noted below the gel "Cut and refrigerate" reflecting that she cut out 
the bands from the gel containing the DD.2 digest products and put them in a refrigerator. 

18. Page 26, Notebook 27236 (ADE-28) 

407. Ms. Skubatch conducted and recorded the activities described on page 26 on April 

29, 1 997, as reflected by the date she recorded on page 24. Her activities relevant to the Apo-2 
project are described on page 26. 

408. At the top of page 26 Ms. Skubatch wrote ". . . Apo-2-BlueScript" reflecting that 
she continued work on making an Apo-2 BlueScript construct. She also wrote "Quick Ligation 
Kit" at the top of page 26 reflecting that she used a quick ligation kit to ligate the DD.2 insert 
into the BlueScript vector. 

409. Ms. Skubatch made the entries in the image below at the middle of page 26 
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reflecting the reagents she used in the ligation experiment. 
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410. The "BS" entries in the reagents list reflects that Ms. Skubatch used the 
BlueScript vector, and the "DD.2" entry reflects that she used DD.2 DNA as an insert to ligate 
into the BlueScript vector. Following ligation, she noted "Transform lOOul JM109" reflecting 
that she transformed JM109 bacterial cells with the ligated vectors. She listed the transformation 
conditions immediately to the right of the "JM109" entry. She then plated the transformed 
bacteria to allow bacterial growth and propagation of the BlueScript vector carrying the DD.2 
insert. 

19. Page 29, Notebook 27236 (ADE-28) 

411. Ms. Skubatch conducted and recorded the activities described on page 29 on April 

30, 1997, as reflected by the date she recorded on page 28. Her activities relevant to the Apo-2 
project are described on page 29. 

412. Ms. Skubatch noted at the top of page 29 "Long Ligations" and made several 
entries describing the ligations that she conducted. She made the entry before the line across the 
middle of the page which reads "ID BS-Apo-2/DD.2 (R1-H3)." These entries reflect that she 
conducted a long ligation experiment using the BlueScript vector and the Apo-2/DD.2 insert 
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previously digested with EcoRl (Rl) and Hindlll (H3). She used the Apo-2 and DD.2 
designations interchangeably because by this time the DD.2 DNA was being referred to as the 
Apo-2 receptor. 

413. The image below from page 29 reflects these activities. 
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20. Pages 32-33, Notebook 27236 (ADE-28) 

414. Ms. Skubatch conducted and recorded the activities described on pages 32 and 33 

on May 2, 1997, as reflected by the date she recorded on page 32. 

415. Ms. Skubatch wrote at the top of page 32 "PCR ligations" reflecting that she 
conducted PCR's of ligations from page 29. 

416. Ms. Skubatch listed several sample numbers along the left side of the page 
including sample number 74 designated "DD.2." She noted that she used the "prkfor" and 
"prkrev" PCR primers for experiments using DD.2. The "prk" primers were complementary to 
sequences contained in the prk5 vector in which the DD.2 sequence was initially cloned. 

417. Ms. Skubatch listed the PCR reagents and reaction conditions at the top right side 
of page 32 and ran the samples on gels. 

418. Ms. Skubatch noted that "Nothing Came out on the Gels" reflecting that these 
experiments were unsuccessful. 

419. At the top of page 33, Ms. Skubatch wrote "Apo-2/SCRIP" reflecting that the 
experiments described on page 33 involved trying to make an Apo-2 -BlueScript construct. She 
wrote "Digest" reflecting that the experiment she conducted was a digest of "DD.2/Apo-2" DNA 
for ligation into BlueScript vector. She listed the reagents used in the digest including the 



102 



restriction enzymes PVUI, EcoRI, and Hindlll. 

420. Ms. Skubatch ran the digest for two hours at 37 degrees Celsius ("2h 37°"). She 
recorded reaction conditions she followed after the digest described at the middle of page 33. 

21. Pa2e 35, Notebook 27236 (ADE-28) 

421 . Ms. Skubatch conducted and recorded the activities described on page 35 on May 

5, 1997, as reflected by the date she recorded on page 35. 

422. Ms. Skubatch made the following entries at the bottom of page 35 reflecting that 
she conducted a ligation of Apo-2 DNA into a BlueScript vector: 
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423. The column on the left reflects the reagents Ms. Skubatch used in conducting a 
ligation of Apo-2 DNA into the "Blue Script" vector. She incubated the ligation overnight at 14 
degrees Celsius as reflected by the "O.N. 14°" entry. 

424. The column on the right reflects the reagents Ms. Skubatch used in conducting a 
"Quick Ligation" of Apo-2 DNA into the "Blue Script" vector. She incubated the reaction for 
five minutes at room temperature ("5' R.T.") and transformed the ligated vector into JM109 
bacterial cells ("Transform use lOOul JM109"). She recorded the transformation conditions to 
the right of the "JM109" entry and noted that she plated the transformed cells on LB agar broth 
supplemented with the antibiotic carbenicillin to select for transformants as reflected in the entry 
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"LB + Carb." 

IV. Conclusion 

425. I declare further that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true and further that 
these statements were made with the knowledge that willflil false statements and the like so 
made are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the 
United States Code, and that such willful false statements may jeopardize the validity of any 
patents issuing from the above-identified application. 





Scot Marsters 
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Avi Ashkenaziy|p i^^^^B^ { | y incyte sequences 1 

>Fro m aa 

Date: ^SBBBB^SS SB^BSBi 

X-Sender: aa@ruby.gene.com 

Mime- Version: 1.0 

To: wiw@gene.COM 

From: aa@gene.COM (Avi Ashkenazi) 

Subject: incyte sequences 

So far there are 3 sets of Incyte sequences that we plan to clone out: 

1. 1353959, 1353903, (cluster 78530), homologous to Apo-2L 

2. Cluster 16411 (10 sequences), homologous to Apo-2L 

3. Cluster 75799 (2 sequences), homologous to the Apo-3 death domain. 



Printed for wiw@gene.com (William L Wood) 
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r.Re; incyte seqoences 



Avi A shkenazi] 

>From aa 1 
Date: 1 

X-Sender: aa@ruby.gene.com 
Mime- Version: 1.0 

To: wiw@gene.COM (William I. Wood) 
From: aa@gene.COM (Avi Ashkenazi) 
Subject: Re: incyte sequences 

Cluster 16411: clones 1721344, 1215220, 2230166, 1802487, 1873725, 1876214 
1 985662, 690050, 687247,; 687534. 

Cluster 75799: clones 2078364, 1237537. 



>Yes, the cluster numbers ought to make sense, but they are not constant and 
>get reset with each release of the database. So I am going to need clone 
>numbers for the second two entries. 
>- William 
> 

»So far there are 3 sets of incyte sequences that we plan to clone out: 

»1. 1353959, 1353903, (cluster 78530), homologous to Apo-2L 

»2. Cluster 1641 1 (10 sequences), homologous to Apo-2L 

»3. Cluster 75799 (2 sequences), homologous to the Apo-3 death domain. 



Printed for wiw@gene.com (William I. Wood) 
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leu> pwd 

/home/ruby/va/Molbio/wiw/incyte/gene6 
leu> Is -1 



total 24 

-rwxr-x 

-rwxr-x 

-rwxr-x 

leu> more ss 



wiw 
wiw 
wiw 



Molbio 
Molbio 
Molbio 




ss. INC1237537* 
ss. INC2078364* 
ss . gene 6 . consensus* 



ss. INC1237537 



>1237537 LUNGTUT02 INCYTE 

CTTTGACTNCTGGGAGCCGCTCAT.GAGGAAGTTGGGCCTCATGGACAATGAGATAAAGGT 

GGCTAAAGCTGAGGCAGCGGGCCACAGGGACACCTTGTACACGNTGCTGATAAAGTGGGT 

CAACAAAACCGGGCGAGATGCCTCTGTCCACACCCTGCTGGATGCCTTGGAGACGCTGGG 

AGAGAGACTTGCCAAGCAGANGATTGNGGACCACTTGTTGNGCTCTGGAAAGTTCATGTA 
TCTNGAAGGTAATGCAGACT 



ss. INC2078364 



>2078364 ISLTNOT01 INCYTE 

TGCTGGTTCCAGCAAATGAAGGTGATCCCACTGAGACTCTGAGACAGTGCTTCGATGACT 

TTGCAGACTTGGTGCCCTTTGACTCCTGGGAGCCGCTCATGAGGAAGTTGGGCCTCATGG 

ACAATGAGATAAAGGTGGCTAAAGCTGAGGCAGCGGGCCACAGGGACACCTTGTACACGA 

TGCTGATAAAGTGGGTCAACAAAACCGGGCGAGATGCCTCTGTCCAAACCCTGCTGGATG 
CCTTGGAGACGCTGGGAGAGAGACTTGCCA 



ss . gene6 . consensus 



TGCTGGTTCCAGCAAATGAAGGTGATCCCACTGAGACTCTGAGACAGTGCTTCGATGACT 

TTGCAGACTTGGTGCCCTTTGACTNCTGGGAGCCGCTCATGAGGAAGTTGGGCCTCATGG 

ACAATGAGATAAAGGTGGCTAAAGCTGAGGCAGCGGGCCACAGGGACACCTTGTACACGN 

TGCTGATAAAGTGGGTCAACAAAACCGGGCGAGATGCCTCTGTCCACACCCTGCTGGATG 

CCTTGGAGACGCTGGGAGAGAGACTTGCCAAGCAGANGATTGNGGACCACTTGTTGNGCT 

CTGGAAAGTTCATGTATCTNGAAGGTAATGCAGACT 

leu> 
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Apo-2 Receptor 

FIELD OF THE INVENTION 
The present invention relates generally to the 
identification, isolation, and recombinant production of novel 
polypeptides, designated herein as "Apo-2". 

BACKGROUND OF THE INVENTION 
Apoptosis or "Programmed Cell Death" 
Control of cell numbers in mammals is believed to be 
determined, in part, by a balance between cell proliferation and 
cell death. One form of cell death, sometimes referred to as 
necrotic cell death, is typically characterized as a pathologic 
form of cell death resulting from some trauma or cellular injury. 
In contrast, there is another, "physiologic" form of cell death 
which usually proceeds in an orderly or controlled manner. This 
orderly or controlled form of cell death is often referred to as 
"apoptosis" [see, e.g., Barr et al., Bio/Technol nay . 12:487-493 
(1994); Steller et al . , Science, 267:1445-1449 (1995)]. Apoptotic 
cell death naturally occurs in many physiological processes, 
including embryonic development and clonal selection in the immune 
system [Itoh et al., Cell, 66:233-243 (1991)]. Decreased levels of 
apoptotic cell death have been associated with a variety of 
pathological conditions, including cancer, lupus, and herpes virus 
infection [Thompson, Science . 2£7 : 14 56 - 1462 (1995)]. Increased 
levels of apoptotic cell death may be associated with a variety of 
other pathological conditions, including AIDS, Alzheimer's disease, 
Parkinson's disease, amyotrophic lateral sclerosis, multiple 
sclerosis, retinitis pigmentosa, cerebellar degeneration, aplastic 
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anemxa, myocardial infarction, stroke, reperf us^io^in j ury , and 
toxin-induced liver disease [see, Thompson, supra ! . 

Apoptotic cell death is typically accompanied by one or 
more characteristic morphological and biochemical changes in cells, 
such as condensation of cytoplasm, loss of plasma membrane 
microvilli, segmentation of the nucleus, degradation of chromosomal 
DNA or loss of mitochondrial function. A variety of extrinsic and 
intrinsic signals are believed to trigger or induce such 
morphological and biochemical cellular changes [Raff, Nature . 
356:397-400 (1992); Steller, supra ; Sachs et al . , Blood . 82:15 
(1993)] . For instance, they can be triggered by hormonal stimuli, 
such as glucocorticoid hormones for immature thymocytes, as well as 
withdrawal of certain growth factors [Watanabe-Fukunaga et al . , 
Nature, 356:314-317 (1992)]. Also, some identified oncogenes such 
as myc, rel, and El A, and tumor suppressors, like p53, have been 
reported to have a role in inducing apoptosis. Certain 
chemotherapy drugs and some forms of radiation have likewise been 
observed to have apoptosis - inducing activity [Thompson, supra]. 

TNF Family of Cy folcinpg 
Various molecules, such as tumor necrosis factor-o- ( "TNF- 
or"), tumor necrosis factor-/? ("TNF-/3" or « lymphotoxin" ) , CD30 
ligand, CD27 ligand, CD40 ligand, OX-40 ligand, 4-1BB ligand, Apo-1 
ligand (also referred to as Fas ligand or CD95 ligand), and Apo-2 
ligand (also referred to as TRAIL) have been identified as members 
of .the tumor necrosis factor •("TNF") family of cytokines [See, 
e.g., Gruss and Dower, Blood . 85:3378-3404 (1995); Wiley et al., 
Immunity , 3:673-682 (1995); Pitti et al . , J. Biol. rh P m 
271:12687-12690 (1996)]. Among these molecules , TNF -or, TNF-/? , CD30 
ligand, 4-1BB ligand, Apo-1 ligand, and Apo-2 ligand (TRAIL) have 
been reported to be involved in apoptotic cell death. Both TNF -a 
and TNF-/? have been reported to induce apoptotic death in 
susceptible tumor cells [Schmid et al . , Proc. Natl. Acad. Sci 
83:1881 (1986); Dealtry et al . , Eur. J. Immunol 17:689 (1987)]. 

Zheng et al . have reported that TNF -a is involved in post- 
stimulation apoptosis of CD8-positive T cells [Zheng et al . , 
Mature, 377:348-351 (1995)]. Other investigators have reported 
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that CD30 ligand may be involved in deletion^" s^lf- reactive T 
cells in the thymus [Amakawa et al . , Cold Spring Harbor Laboratory 
Symposium on Programmed Cell Death, Abstr. No. 10, (1995)]. 

Mutations in the mouse Fas/Apo-1 receptor or ligand genes 
(called Ipr and grid, respectively) have been associated with some 
autoimmune disorders, indicating that Apo-1 ligand may play a role 
in regulating the clonal deletion of self -reactive lymphocytes in 
the periphery [Krammer et al., Curr . Op. Immunol . . 6:279-289 
(1994); Nagata et al . , Science . 267.-1449-1456.(1995)]. Apo-1 
ligand is also reported to induce post-stimulation apoptosis in 
CD4 -positive T lymphocytes and in B lymphocytes, and may be 
involved in the elimination of activated lymphocytes when their 
function is no longer needed [Krammer et al . , supra .- Nagata et al., 
supra] . Agonist mouse monoclonal antibodies specifically binding 
to the Apo-1 receptor have been reported to exhibit cell killing 
activity that is comparable to or similar to that of TNF-a 
[Yonehara et al., J. Exp. Med. . 169:1747-1756 (1989)]. 

TNF Family of Receptors 
Induction of various cellular responses mediated by such 
TNF family cytokines is believed to be initiated by their binding 
to specific cell receptors. Two distinct TNF receptors of 
approximately 55-kDa (TNFR1) and 75-kDa (TNFR2) have been 
identified [Hohman et al., J. Biol . Chem . , 261:14927-14934 (1989); 
Brockhaus et al., Proc . Natl. Acad. Sri , 87:3127-3131 (1990); EP 
417,563, published March 20, 1991] and human and mouse cDNAs 
corresponding to both receptor types have been isolated and 
characterized [Loetscher et al., Cell , 61:351 (1990); Schall et 
al., Cell, 61:361 (1990); Smith et al . , Science . 248:1019-1023 
(1990); Lewis et al . , Proc. Natl. Acad. Scj 88:2830-2834 (1991); 
Goodwin et al . , Mol . Cell. Biol 11:3020-3026 (1991)]. Extensive 
polymorphisms have been associated with both TNF receptor genes 
[see, e.g., Takao et al . , Immunoaenetics . 37:199-203 (1993)]. Both 
TNFRs share the typical structure of cell surface receptors 
including extracellular, transmembrane and intracellular regions. 
The extracellular portions of both receptors are found naturally 



also as soluble TNF-binding proteins [Nophar, Y. et al . , EMBO J . . 
9:3269 (1990); and Kohno, T. et al., Proc. Natl. Acad. Sci . U.S.A. . 
87:8331 (1990)] . More recently, the cloning of recombinant soluble 
TNF receptors was reported by Hale et al . [ J. Cell. Biochpm 
Supplement 1 SF. 1991, p. 113 (P424)]. 

The extracellular portion of type 1 and type 2 TNFRs 
(TNFR1 and TNFR2) contains a repetitive amino acid sequence pattern 
of four cysteine-rich domains (CRDs) designated 1 through 4, 
starting from the NH 2 - terminus . Each CRD is about 40 amino acids 
long and contains 4 to 6 cysteine residues at positions which are 
well conserved [Schall et al . , supra ; Loetscher et al . , supra ; 
Smith et al., supra ; Nophar et al . , supra; Kohno et al., supra ] . 
In TNFRl, the approximate boundaries of the four CRDs are as 
follows: CRD1- amino acids 14 to about 53; CRD2- amino acids from 
about 54 to about 97; CRD3- amino acids from about 98 to about 138; 
CRD4- amino acids from about 13 9 to about 167. In TNFR2 , CRD1 
includes amino acids 17 to about 54 ; CRD2- amino acids from about 
55 to about 97; CRD3 - amino acids from about 98 to about 140; and 
CRD4- amino acids from about 141 to about 179 [Banner et al . , Cell , 
73:431-435 (1993)]. The potential role of the CRDs in ligand 
binding is also described by Banner et al . , supra . 

A similar repetitive pattern of CRDs exists in several 
other cell-surface proteins, including the p75 nerve growth factor 
receptor (NGFR) [Johnson et al . , Cell . 47:545 (1986); Radeke et 
al., Nature , 325:593 (1987)], the B cell antigen CD40 [Stamenkovic 
et al., EMBO J. , 8:1403 (1989)], the T cell antigen OX40 [Mallet et 
al., EMBO J. , 9:1063 (1990)] and the Fas antigen [Yonehara et al., 
supra and Itoh et al., supra] . CRDs are also found in the soluble 
TNFR (sTNFR) - like T2 proteins of the Shope and myxoma poxviruses 
[Upton et al., Virology, l£0:20-29 (1987); Smith et al . , Biochem. 
Biophys. Res. Commun. , 176:335 (1991); Upton et al., Virology . 
184:370 (1991)]. Optimal alignment of these sequences indicates 
that the positions of the cysteine residues are well conserved. 
These receptors are sometimes collectively referred to as members 
of the TNF/NGF receptor superfamily. Recent studies on p75NGFR 



showed that the deletion of CRD1 [Welcher, A. A. et al . , Proc . Nat] 
Acad. Sci. USA , 88:159-163 (1991)] or a 5-amino acid insertion in 
this domain [Yan, H. and Chao, M.V., J. Biol, Chem. , 266:12099- 
12104 (1991)] had' little or no effect on NGF binding [Yan, H. and 
Chao, M.V., supra]. p75 NGFR contains a proline-rich stretch of 
about 60 amino acids, between its CRD4 and transmembrane region, 
which is not involved in NGF binding [Peetre, C. et al . , Eur, j. 
■ HematQl - ' 11:414-419 (1988); Seckinger, P. et al., J. Biol Chem 
264:11966-11973 (1989); Yan, H. and Chao, M.V., supra ! . A similar 
proline-rich region is found in TNFR2 but not in TNFR1 . 

Itoh et al. disclose that the Apo-1 receptor can signal 
an apoptotic cell death similar to that signaled by the 55-kDa 
TNFRl [Itoh et al., supra] . Expression of the Apo-1 antigen has 
also been reported to be down-regulated along with that of TNFRl 
when cells are treated with either TNF-c* or ant i -Apo-1 mouse 
monoclonal antibody [Krammer et al . , supra ; Nagata et al . , supra ! . 
Accordingly, some investigators have hypothesized that cell lines 
that co-express both Apo-1 and TNFRl receptors may mediate cell 
killing through common signaling pathways [ Id. ] 

The TNF family ligands identified to date, with the 
exception of lymphotoxin-a, are type II transmembrane proteins, 
whose C-terminus is extracellular. In contrast, the receptors in 
the TNF receptor (TNFR) family identified to date are type I 
transmembrane proteins. In both the TNF ligand and receptor 
families, however, homology identified between family members has 
been found mainly in the extracellular domain ("ECD"). Several of 
the TNF family cytokines, including TNF -a, Apo-1 ligand and CD40 
ligand, are cleaved proteolytically at the cell surface; the 
resulting protein in each case typically forms a homotrimeric 
molecule that functions as a soluble cytokine. TNF receptor family 
proteins are also usually cleaved proteolytically to release 
soluble receptor CCDs that can function as inhibitors of the 
cognate cytokines . 

Recently, other members of the TNFR family have been 
identified. In Marsters et al . , Curr. Biol . . 6:750 (1996), 



investigators describe a full length native 'sfqueV human 
polypeptide, called Apo-3, which exhibits similarity to the TNFR 
family in its extracellular cysteine-rich repeats and resembles 
TNFR1 and CD95 in that it contains a cytoplasmic death domain 
sequence [see also Marsters et al . , Curr. Biol. . 6:1669 (1996) J. 
Apo-3 has also been referred to by other investigators as DR3 , wsl- 
1 and TRAMP [Chinnaiyan et al . , Science . 2^4:990 (1996); Kitson et 
al. , Nature , 384:372 (1996) ,- Bodmer et al., Immunity . 6:79 (1997) ] . 

Pan et al . have disclosed another TNF receptor family 
member referred to as " DR4 " [Pan et al., Science . 276:111-113 
(1997)]. The DR4 was reported to contain a cytoplasmic death 
domain capable of engaging the cell suicide apparatus. Pan et al . 
disclose that DR4 is believed to be a receptor for the ligand known 
as Apo-2 ligand or TRAIL. 

The Apoptosis- Inducing Signaling Comp lpy 
As presently understood, the cell death program contains 
at least three important elements - activators, inhibitors, and 
effectors; in C. elegans, these elements are encoded respectively 

by three genes, Ced-4, Ced-9 and Ced-3 [Horvitz ■ 

Chinnaiyan et al. , Science, 275:1122-1126 (1997)]. Two of the TNFR 
family members, TNFR1 and Fas/Apol (CD95), can activate apoptotic 
cell death [Chinnaiyan and Dixit, Current Biology . 6:555-562 
(1996); Fraser and Evan, Cell ; 85:781-784 (1996)]. TNFR1 is also 
known to mediate activation of the transcription factor, NF-kB 
[Tartaglia et al . , Cell , 74:845-853 (1993); Hsu et al . , Cell . 
84:299-308 (1996)]. In addition to some BCD homology, these two 
receptors share homology in their intracellular domain (ICD) in an 
oligomerization interface known as the death domain [Tartaglia et 
al., supra; Nagata, Cell, 88:355 (1997)]. Death domains are also 
found in several metazoan proteins that regulate apoptosis, namely, 
the Drosophila protein, Reaper, and the mammalian proteins referred 
to as FADD/M0RT1, TRADD, and RIP [Cleaveland and Ihle, Cell , 
81:479-482 (1995)]. Using the yeast-two hybrid system, Raven et 
al. report the identification of protein, wsl-l, which binds to the 
TNFR1 death domain [Raven et al., Programmed Cell Death Meeting, 



September 20-24, 1995, Abstract at page 127; Raven eOr 7 . , European 
Cytokine Network , 7:Abstr. 82 at page 210 (April-June 1996)]. The 
wsl-1 protein is described as being homologous to TNFR1 (48% 
identity) and having a restricted tissue distribution. According 
to Raven et al., the tissue distribution of wsl-1 is significantly 
different from the TNFR1 binding protein, TRADD . 

Upon ligand binding and receptor clustering, TNFR1 and 
CD95 are believed to recruit FADD into a death- inducing signalling 
complex. CD95 purportedly binds FADD directly, while TNFR1 binds 
FADD indirectly via TRADD [Chinnaiyan et al., Cell , 8J,:505-512 

(1995) ; Boldin et al. , J. Biol. Chem 270:387-391 (1995); Hsu et 
al., supra ; Chinnaiyan et al . , J. Biol. Chem , 271:4961-4965 

(1996) ]. it has been reported that FADD serves as an adaptor 
protein which recruits the Ced-3-related protease, MACHa/FLICE 

(caspase 8), into the death signalling complex [Boldin et al . , 
Cell, 85:803-815 (1996); Muzio et al., Cell, 85:817-827 (1996)]! 
MACHa/FLICE appears to be the trigger that sets off a cascade of 
apoptotic proteases, including the interleukin-lit? converting enzyme 

(ICE) and CPP32/Yama, which may execute some -critical aspects of 
the cell death programme [Fraser and Evan, supra l . 

It was recently disclosed that programmed cell death 
involves the activity of members of a family of cysteine proteases 
related to the C. elegans cell death gene, ced-3, and to the 
mammalian IL-l-converting enzyme, ICE. The activity of the ICE and 
CPP32/Yama proteases can be inhibited by the product of the cowpox 
virus gene, crmA [Ray et al., Cell . 69:597-604 (1992); Tewari et 
al.. Cell, 81:801-809 (1995)]. Recent studies show that CrmA can 
inhibit TNFR1- and CD95-induced cell death [Enari et al., Nature . 
375:78-81 (1995); Tewari et al . , J. Biol. Che m 270:3255-3260 
(1995) ] . 

As reviewed recently by Tewari et al., TNFR1, TNFR2 and 
CD40 modulate the expression of proinflammatory and cost imulatory 
cytokines, cytokine receptors, and cell adhesion molecules through 
activation of the transcription factor, NF-kB [Tewari et al., Curr. 
Op. Genet. Develop. , 6:39-44 (1996)]. NF-kB is the nrot-ot-w^ of . 
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family of dimeric transcription factors whose subunits^ contain 
conserved Rel regions [Verma et al . , Genes Develop . . 9:2723-2735 
(1996); Baldwin, Ann . Rev . Immunol . , 1.4:649-681 (1996)]. In its 
latent form, NF-kB is complexed with members of the IkB inhibitor 
family; upon inactivation of the IkB in response to certain 
stimuli, released NF-kB translocates to the nucleus where it binds 
to specific DNA sequences and activates gene transcription. TNFR 
proteins may also regulate the AP-1 transcription factor family 
[Karin, J. Biol . Cham. . 270:16483-16486 (1995)]. AP-1 represents 
a separate family of dimeric transcriptional activators composed of 
members of the Fos and Jun protein families [Karin, supra ] . AP-1 
activation is believed to be mediated by immediate -early induction 
of fos and jun through the mitogen-activated protein kinases ERK 
and JNK, as well as by JNK-dependent phosphorylation of Jun 
proteins [Karin, supra] . Transcriptional regulation by TNFR family 
members is mediated primarily by members of the TNF receptor 
associated factor (TRAF) family [Rothe et al., Cell . 78:681-692 
(1994); Hsu et al . , Cell , 84:299-308 (1996); Liu et al., Cell, 
87.:565-576 (1996) ] . 

For a review of the TNF family of cytokines and their 
receptors, see Gruss and Dower, supra . 

SUMMARY OF THE INVENTION 
Applicants have identified cDNA clones that encode novel 
polypeptides, designated in the present application as "Apo-2> It 
is- believed that Apo-2 is a member of the TNFR family; full-length 
native sequence human Apo-2 polypeptide exhibits some similarities 
to some known TNFRs , including a cytoplasmic death domain region. 
Full-length native sequence human Apo-2 also exhibits similarity to 
the TNFR family in its extracellular cysteine-rich repeats. Apo-2 
polypeptide has surprisingly been found to be capable of triggering 
caspase-dependent apoptosis and activating NF-kB. Applicants found 
that the soluble extracellular domain of Apo-2 binds Apo-2 ligand 
(Apo-2L) and can inhibit Apo-2 ligand function. It is presently 
believed that Apo-2 ligand can signal via at least two different 



receptors, DR4 and the newly described Apo-2 herein. 

In one embodiment, the invention provides isolated Apo-2 
polypeptide. In particular, the invention provides isolated native 
sequence Apo-2 polypeptide, which in one embodiment, includes an 
amino acid sequence comprising residues 1 to 411 of Figure 1 (SEQ 
ID N0:1). In other embodiments, the isolated Apo-2 polypeptide 
comprises at least about 80% amino acid sequence identity with 
native sequence Apo-2 polypeptide comprising residues 1 to 411 of 
Figure 1 (SEQ ID NO: 1) . 

In another embodiment, the invention provides an isolated 
extracellular domain (ECD) sequence of Apo-2. The isolated 
extracellular domain sequence preferably comprises residues 49 to 
1.82. of. Fig. 1 (SEQ LD NO : 1 ) . 

In another embodiment, the invention provides an isolated 
death domain sequence of Apo-2. The isolated death domain sequence 
preferably comprises residues 324 to 391 of Fig. 1 (SEQ ID NO:l) . 

In another embodiment, the invention provides chimeric 
molecules comprising Apo-2 polypeptide fused to a heterologous 
polypeptide or amino acid sequence. An example of such a chimeric 
molecule comprises an Apo-2 fused to an immunoglobulin sequence. 
Another example comprises an extracellular domain sequence of Apo-2 
fused to a heterologous polypeptide or amino acid sequence, such as 
an immunoglobulin sequence. 

In another embodiment, the invention provides an isolated 
nucleic acid molecule encoding Apo-2 polypeptide. In one aspect, 
the nucleic acid molecule is RNA or DNA that encodes an Apo-2 
polypeptide or a particular domain of Apo-2, or is complementary to 
such encoding nucleic acid sequence, and remains stably bound to it 
under at least moderate, and optionally, under high stringency 
conditions. In one embodiment, the nucleic acid sequence is 
selected from: 

(a) the coding region of the nucleic acid sequence of 

Figure 1 (SEQ ID NO: ) that codes for residue 1 to residue 411 

(i.e., nucleotides 140-142 through 1370-1372), inclusive,- or 

(b) the coding region of the nucleic acid sequence of 



Figure 1 (SEQ ID N0:__) that codes for residue 49 to^e^^^82 
(i.e., nucleotides 284-286 through 673-675), inclusive,- 

(c) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID N0:_) that codes for residue 324 to residue 391 
(i.e., nucleotides 1109-1111 through 1310-1312), inclusive; or 

(d) a sequence corresponding to the sequence of (a) , (b) 
or (c) within the scope of degeneracy of the genetic code. 

In a further embodiment, the invention provides a vector 
comprising the nucleic acid molecule encoding the Apo-2 polypeptide 
or particular domain of Apo-2. A host cell comprising the vector 
or the nucleic acid molecule is also provided. A method of 
producing Apo-2 is further provided. 

In another embodiment, the invention provides an antibody 
which specifically binds to Apo-2. The antibody may be an 
agonistic, antagonistic or neutralizing antibody. 

In another embodiment, the invention provides non-human, 
transgenic or knock-out animals. 

A further embodiment of the invention provides articles 
of manufacture and kits that include Apo-2 or Apo-2 antibodies. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the nucleotide sequence of a native 
sequence human Apo-2 cDNA and its derived amino acid sequence. 

Figure 2A shows the derived amino acid sequence of a 
native sequence human Apo-2 - the putative signal sequence is 
underlined, the putative transmembrane domain is boxed, and the 
putative death domain sequence is dash underlined. The cysteines 
of the two cysteine-rich domains are individually underlined. 

Figure 2B shows an alignment and comparison of the death 
domain sequences of native sequence human Apo-2, DR4 , Apo-3/DR3, 
TNFR1 , and Fas/Apo-2 (CD95) . Asterisks indicate residues that are 
essential for death signaling by TNFR1 [Tartaglia et al . , supra ] . 

Figure- 3 shows the interaction of the Apo-2 ECD withApo- 
2L. Supernatants -f rom mock- transf ected 293 cells or from 293 cells 



transfected with Apo-2 ECD- Flag were incubated with poly-His- tagged 
Apo-2L and subjected to immunoprecipitation with anti-Flag 
conjugated or Nickel conjugated agarose beads. The precipitated 
proteins were resolved by electrophoresis on polyacrylamide gels, 
and detected by immunoblot with anti-Apo-2L or anti-Flag antibody. 

Figure 4 shows the induction of apoptosis by Apo-2 and 
inhibition of Apo-2L activity by soluble Apo-2 ECD. Human 293 
cells (A, B) or HeLa cells (C) were transfected by pRK5 vector or 
by pRK5 -based plasmids encoding Apo-2 and/or CrmA. Apoptosis was 
assessed by morphology (A) , DNA fragmentation (B) , or by FACS (C) . 
Soluble Apo-2L was pre - incubated with buffer or affinity-purified 
Apo-2 ECD together with anti-Flag antibody and added to HeLa cells. 
The cells were later analyzed for apoptosis by FACS (D) . Dose- 
response analysis using Apo-2 ECD immunoadhesin was also determined 
(E) . 

Figure 5 shows activation of NF-kB by Apo-2, DR4 , and 
Apo-2L. (A) HeLa cells were transfected with expression plasmids 
encoding the indicated proteins. Nuclear extracts were prepared 
and analyzed by an electrophoretic mobility shift assay. (B) HeLa 
cells or MCF7 cells were treated with buffer, Apo-2L or TNF-alpha 
and assayed for NF-kB activity. (C) HeLa cells were preincubated 
with buffer, ALLN or cyclohexamide before addition of Apo-2L. 
Apoptosis was later analyzed by FACS. 

- Figure 6 shows expression of Apo-2 mRNA in human tissues 
as analyzed by Northern hybridization of human tissue poly A RNA 
blots. 



DETAILED DESCRI PTION OF THE PREFERRED EMBODIMENTS 
I - Definitions 

The terms "Apo-2 polypeptide" and "Apo-2" when used 
herein encompass native sequence Apo-2 and Apo-2 variants (which 
are further defined herein) . These terms encompass Apo-2 from a 
variety of mammals, including humans. The Apo-2 may be isolated 



from a variety of sources, such as from human tissue types or from 
another source, or prepared by recombinant or synthetic methods. 

A "native sequence Apo-2" comprises a polypeptide having 
the same amino acid sequence as an Apo-2 derived from nature. 
Thus, a native sequence Apo-2 can have the amino acid sequence of 
naturally-occurring Apo-2 from any mammal. Such native sequence 
Apo-2 can be isolated from nature or can be produced by recombinant 
or synthetic means . The term "native sequence Apo-2" specifically 
encompasses naturally-occurring truncated or secreted forms of the 
Apo-2 (e.g., an extracellular domain sequence), naturally-occurring 
variant forms (e.g., alternatively spliced forms) and naturally- 
occurring allelic variants of the Apo-2. A naturally-occurring 
variant form of the Apo-2 includes an Apo-2 having art amino acid 
substitution at residue 410 in the amino acid sequence shown in 

Figure 1 (SEQ ID NO: ) . In one embodiment of such naturally- 

ocurring variant form, the leucine residue at position 410 is 
substituted by a methionine residue. In one embodiment of the 
invention, the native sequence Apo-2 is a mature or full-length 
native sequence Apo-2 comprising amino acids 1 to 411 of Fig. 1 
(SEQ ID NO: 1) . 

The "Apo-2 extracellular domain" or "Apo-2 ECD" refers to 
a form of Apo-2 which is essentially free of the transmembrane and 
cytoplasmic domains of Apo-2. Ordinarily, Apo-2 ECD will have less 
than 1% of such transmembrane and/or cytoplasmic domains and 
preferably, will have less than 0.5% of such domains. Preferably, 
Apo-2 ECD will comprise amino acid residues 49 to 182 of Fig.l (SEQ 

10 NQ: ) • need to reconcile these numbers with the ECD referred 

to in Ex. 2, e.g. 1-184 

"Apo-2 variant" means a biologically active Apo-2' as 
defined below having at least about 80% amino acid sequence 
identity with the Apo-2 having the deduced amino acid sequence 

shown in Fig. l (SEQ ID NO: ) for a full-length native sequence 

human Apo-2. Such Apo-2 variants include, for instance, Apo-2 
polypeptides wherein one or more amino acid residues are added at 
the N- or C- terminus of the sequence of Fig. 1 (SEQ ID NO: ) . 



Ordinarily, an Apo-2 variant will have at least about ^Warayno 
acid sequence identity, more preferably at least about 90% amino 
acid sequence identity, and even more preferably at least about 95% 
amino acid sequence identity with the amino acid sequence of Fig. 
1 (SEQ ID NO: ) . 

"Percent (%) amino acid sequence identity" with respect 
to the Apo-2 sequences identified herein is defined as the 
percentage of amino acid residues in a candidate sequence that are 
identical with the amino acid residues in the Apo-2 sequence, after 
aligning the sequences and- introducing gaps, if necessary, to 
achieve the maximum percent sequence identity, and not considering 
any conservative substitutions as part of the sequence identity. 
Alignment for purposes of determining percent amino acid sequence 
identity can be achieved in various ways that, are within the skill 
in the art, for instance, using publicly available computer 

software such as . Those skilled in the art can determine 

appropriate parameters for measuring alignment, including any 
algorithms needed to achieve maximal alignment over the full length 
of the sequences being compared. 

The term "epitope tagged" when used herein refers to a 
chimeric polypeptide comprising Apo-2, or a domain sequence 
thereof, fused to a "tag polypeptide". The tag polypeptide has 
enough residues to provide an epitope against which an antibody can 
be made, yet is short enough such that it does not interfere with 
activity of the Apo-2. The tag polypeptide preferably also is 
fairly unique so that the antibody does not substantially cross- 
react with other epitopes. Suitable tag polypeptides generally 
have at least six amino acid residues and usually between about 8 
to about 50 amino acid residues (preferably, between about 10 to 
about 20 residues) . 

"Isolated," when used to describe the various 
polypeptides disclosed herein, means polypeptide that has been 
identified and separated and/or recovered from a component of its 
natural environment. Contaminant components of its natural 
environment are materials that would typically interfere with 



diagnostic or therapeutic uses for the polypeptide, iS^a^^S^ 
enzymes, hormones, and other proteinaceous or non-proteinaceous 
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solutes. In preferred embodiments, the polypeptide will be 
purified (1) to a degree sufficient to obtain at least 15 residues 
of N-terminal or internal amino acid sequence by use of a spinning 
cup sequenator, or (2) to homogeneity by SDS-PAGE under non- 
reducing or reducing conditions using Coomassie blue or, 
preferably, silver stain. Isolated polypeptide includes 

polypeptide in situ within recombinant cells, since at least one 
component of the Apo-2 natural environment will not be present. 
Ordinarily, however, isolated polypeptide will be prepared by at 
least one purification step. 

An "isolated" Apo-2 nucleic acid molecule is a nucleic 
acid molecule that is identified and separated from at least one 
15 contaminant nucleic acid molecule with which it is ordinarily 
associated in the natural source of the Apo-2 nucleic acid. An 
isolated Apo-2 nucleic acid molecule is other than in the form or 
setting in which it is found in nature. Isolated Apo-2 nucleic 
acid molecules therefore are distinguished from the Apo-2 nucleic 
20 acid molecule as it exists in natural cells. However, an isolated 
Apo-2 nucleic acid molecule includes Apo-2 nucleic acid molecules 
contained in cells that ordinarily express Apo-2 where, for 
example, the nucleic acid molecule is in a chromosomal location 
different from that of natural cells. 

The term "control sequences" refers to DNA sequences 
necessary for the expression of an operably linked coding sequence 
in a particular host organism. The control sequences that are 
suitable for prokaryotes, for example, include a promoter, 
optionally an operator sequence, and a ribosome binding site. 
Eukaryotic cells are known to utilize promoters, polyadenylat ion 
signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into 
a functional relationship with another nucleic acid sequence. For 
example, DNA for a presequence or secretory leader is operably 
linked to DNA for a polypeptide if it is expressed as a preprotein 
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that participates in the secretion of the polypeptide^^' promoter 
or enhancer is operably linked to a coding sequence if it affects 
the transcription of the sequence; or a ribosome binding site is 
operably linked to a coding sequence if it is positioned so as to 
facilitate translation. Generally, "operably linked" means that 
the DNA sequences being linked are contiguous, and, in the case of 
a secretory leader, contiguous and in reading phase. However, 
enhancers do not have to be contiguous. Linking is accomplished by 
ligation at convenient restriction sites. If such sites do not 
exist, the synthetic oligonucleotide adaptors or linkers are used 
in accordance with conventional practice. 

The term "antibody" is used in the broadest sense and 
specifically covers single anti-Apo-2 monoclonal antibodies 
(including agonist, antagonist, and neutralizing antibodies) and 
anti-Apo-2 antibody compositions with polyepitopic specificity. 

The term "monoclonal antibody" as used herein refers to 
an antibody obtained from a population of substantially homogeneous 
antibodies, i.e., the individual antibodies comprising the 
population are identical except for possible naturally-occurring 
mutations that may be present in minor amounts. Monoclonal 
antibodies are highly specific, being directed against a single 
antigenic site. Furthermore, in contrast to conventional 

(polyclonal) antibody preparations which typically include 
different antibodies directed against different determinants 
(epitopes) , each monoclonal antibody is directed against a single 
determinant on the antigen. - 

The monoclonal antibodies herein include hybrid and 
recombinant antibodies produced by splicing a variable (including 
hypervariable) domain of an anti-Apo-2 antibody with a constant 
domain (e.g. "humanized" antibodies) , or a light chain with a heavy 
chain, or a chain from one species with a chain from another 
species, or fusions with heterologous proteins, regardless of 
species of origin or immunoglobulin class or subclass designation, 
as well as antibody fragments (e.g., Fab, F(ab') 2 , and Fv) , so long 
as they exhibit the desired biological activity. See, e.g. U.S. 
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Pat. No. 4,816,567 and Mage et al., in Monoc lo^^a^jfe^ 
Production Tech niques and Applications , pp. 79-97 (Marcel Dekker, 
Inc. : New York, 1987) . ... 

Thus, the modifier "monoclonal" indicates the character 
5 of the antibody as being obtained from a substantially homogeneous 
population of antibodies, and is not to be construed as requiring 
production of the antibody by any particular method. For example, 
the monoclonal antibodies to be used in accordance with the present 
invention may be made by the hybridoma method first described by 
10 Kohler and Milstein, Nature , 256:495 (1975), or may be made by 
recombinant DNA methods such as described in U.S. Pat. No. 
4,816,567. The "monoclonal antibodies" may also be isolated from 
phage libraries generated using the techniques described in 
McCafferty et al . , Nature . 348:552-554 (1990), for example. 
15 "Humanized" forms of non-human {e.g. murine) antibodies 

are specific chimeric immunoglobulins, immunoglobulin chains, or - 
fragments thereof (such as Fv, Fab, Fab', F(ab') 2 or other antigen- 
binding subsequences of antibodies) which contain minimal sequence 
derived from non- human immunoglobulin. For the most part, 
20 humanized antibodies are human immunoglobulins (recipient antibody) 
in which residues from a complementary determining region. (CDR) of 
the recipient are replaced by residues from a CDR of a non-human 
species (donor antibody) such as mouse, rat, or rabbit having the 
desired specificity, affinity, and capacity. In some instances, Fv 
25 framework region (FR) residues of the human immunoglobulin are 
replaced by corresponding non-human residues. Furthermore, the 
humanized antibody may comprise residues which are found neither in 
the recipient antibody nor in the imported CDR or framework 
sequences. These modifications are made to further refine and 
30 optimize antibody performance. In general, the humanized antibody 
will comprise substantially all of at least one, and typically two, 
variable domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human immunoglobulin and all 
or substantially all of the FR regions are those of a human 
35 immunoglobulin consensus sequence. The humanized antibody 
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optimally also will comprise at least a portion of an 
immunoglobulin constant region or domain (Fc), typically that of a 
human immunoglobulin. 

"Biologically active" and "desired biological activity" 
for the purposes herein mean having the ability to modulate 
apoptosis (either in an agonistic or stimulating manner or in an 
antagonistic or blocking manner) in at least one type of mammalian 
cell in vivo or ex vivo. 

The terms "apoptosis" and "apoptotic activity" are used 
in a broad sense and refer to the orderly or controlled form of 
cell death in mammals that is typically accompanied by one or more 
characteristic cell changes, including condensation of cytoplasm, 
loss of plasma membrane microvilli,, segmentation of the nucleus, . 
degradation of chromosomal DNA or loss of mitochondrial function. 
This activity can be determined and measured, for instance, by cell 
viability assays, FACS analysis or DNA electrophoresis, all of 
which are known in the art . 

The terms "treating," "treatment," and "therapy" as used 
herein refer to curative therapy, prophylactic therapy, and 
preventative therapy. . 

The term "mammal" as used herein refers, to any mammal 
classified as a mammal, including humans, cows, horses, dogs and 
cats. In a preferred embodiment of the invention, the mammal is a 
human . 



11 • Composi tions and Methods of the Invention 

The present invention provides newly identified and 
isolated Apo-2 polypeptides. In particular, Applicants have 
identified and isolated various human Apo-2 polypeptides. The 
properties and characteristics of some of these Apo-2 polypeptides 
are described in further detail in the Examples below. Based upon 
the properties and characteristics of the Apo-2 polypeptides 
disclosed herein, it is Applicants' present belief that Apo-2 is a 
member of the TNFR family. 

A description follows as to how Apo-2, as well as Apo-2 
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chimeric molecules and anti-Apo-2 antibodies, may be prepared. 
A. Preparation of Apo-2 

The description below relates primarily to production of 
Apo-2 by culturing cells transformed or transfected with a vector 
containing Apo-2 nucleic acid. It is of course, contemplated that 
..alternative methods, which are well known in the art, may be 
employed to prepare Apo-2. 

1 • Isolation of DNA Encoding Apo-2 

The DNA encoding Apo-2 may be obtained from any cDNA 
library prepared from tissue believed to possess the Apo-2 mRNA and 
to express it at a detectable level. Accordingly, human Apo-2 DNA 
can be conveniently obtained from a cDNA -library prepared from 
human tissues, such as the bacteriophage libraries of human 
15 pancreas and kidney cDNA described in Example 1. The Apo-2- 
encoding gene may also be obtained from a genomic library or by 
oligonucleotide synthesis. 

Libraries can be screened with probes (such as antibodies 
to the Apo-2 or oligonucleotides of at least about 20-80 bases) 
20 designed to identify the gene of interest or the protein encoded by 
it. Screening the cDNA or genomic library with the selected probe 
may be conducted using standard procedures, such as described in 
Sambrook et al . , Molecular Cloning: A Laboratory Manual (New York: 
Cold Spring Harbor Laboratory Press, 1989) . An alternative means 
2 5 to isolate the gene encoding Apo-2 is to use PCR methodology 
[Sambrook et al., supra ; Dieffenbach et al . , PCR Primer : A 
Laboratory Manual (Cold Spring Harbor Laboratory Press , 1995) ] . • 
A preferred method of screening employs selected 
oligonucleotide sequences to screen cDNA libraries from various 
30 human tissues. .Example 1 below describes techniques for screening 
a cDNA library. The oligonucleotide sequences selected as probes 
should be of sufficient length and sufficiently unambiguous that 
false positives are minimized. The oligonucleotide is preferably 
labeled such that it can be detected upon hybridization to DNA in 
35 the library being screened. Methods of labeling are well known in 
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the art, and include the use of radiolabels like 32 P- labeled ATP, 
biotinylation or enzyme labeling. Hybridization conditions, 
inlcuding moderate stringency and high stringency, are provided in 
Sambrook et al . , supra . 

Nucleic acid having all the protein coding sequence may 
be obtained by screening selected cDNA or genomic libraries using 
the deduced amino acid sequence disclosed herein for the first 
time, and, if necessary, using conventional primer extension 
procedures as described in Sambrook et al., supra , to detect 
precursors and processing intermediates of mRNA that may not have 
been reverse - transcribed into cDNA. 

Apo-2 variants can be prepared by introducing appropriate 
nucleotide changes into the Apo-2 DNA, or by synthesis of the 
desired Apo-2 polypeptide. Those skilled in the art will 
15 appreciate that amino acid changes may alter post-translational 
processes of the Apo-2, such as changing the number or position of 
glycosylation sites or altering the membrane anchoring 
characteristics. 

Variations in the native full-length sequence Apo-2 or in 
various domains of the Apo-2 described herein, can be made, for 
example, using any of the techniques and guidelines for 
conservative and non-conservative mutations set forth, for 
instance, in U.S. Pat. No. 5,364,934. Variations may be a 
substitution, deletion or insertion of one or more codons encoding 
25 the Apo-2 that results in a change in the amino acid sequence of 
■ -the .Apo-2 as compared with the native sequence Apo-2. Optionally 
the variation is by substitution of at least one amino acid with 
any other amino acid in one or more of the domains of the Apo-2 
molecule. The variations can be made using methods known in the 
art such as oligonucleotide-mediated ( site -directed) mutagenesis, 
alanine scanning, and PCR mutagenesis. Site -directed mutagenesis 
[Carter et al . , Nucl . Acids Res. . 13:4331 (1986); Zoller et al . , 
Nucl. Acids Res . , 10:6487 (1987)], cassette mutagenesis [Wells et 
al., Gene , 34.:315 (1985)], restriction selection mutagenesis [Wells 
35 et al., Philos . Trans. R. Soc. London SerA . 317 : 415 (1986)] or 
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other known techniques can be performed on the cloned DNA to 
produce the Apo-2 variant DNA. 

Scanning amino acid analysis can also be employed to 
identify one or more amino acids along a contiguous sequence which 
are involved in the interaction with a particular ligand' or 
receptor.. Among the preferred scanning amino acids are relatively 
small, neutral amino acids. Such amino acids include alanine, 
glycine, serine, and cysteine. Alanine is the preferred scanning 
amino acid among this group because it eliminates the side-chain 
beyond the beta-carbon and is less likely to alter the main-chain 
conformation of the variant. Alanine is also preferred because it 
is the most common amino acid. Further, it is frequently found in 
both buried and exposed positions [Creighton, The Proteins . (W.H. 
Freeman & Co . , N.Y.); Chothia, J. Mol . Biol. . 150:1 (1976)]. If 
15 alanine substitution does not yield adequate amounts of variant, an 
isoteric amino acid can be used. 

Once selected Apo-2 variants are produced, they can be 
contacted with, for instance, Apo-2L, and the interaction, if any, 
can be determined. The interaction between the Apo-2 variant and 
Apo-2L can be measured by an in vitro assay, such as described in 
the Examples below. While any number of analytical measurments can 
be used to compare activities and properties between a native 
sequence Apo-2 and an Apo-2 variant, a convenient one for binding 
is the dissociation constant K d of the complex formed between the 
Apo-2 variant and Apo-2L as compared to the K d for the native 

..sequence Apo-2.. Generally, a -fold increase or decrease in K d 

per substituted residue indicates that the substituted residue (s) 
is active in the interaction of the native sequence Apo-2 with the 
Apo-2L . 

Avi, I'd like to particularly point out which domains in which 
mutagenesis would be preferable/not preferable. For instance, would 
it be better if the cysteine rich domains were conserved and not 
mutated? What about the ECD and death domain? If we consider the 
% homology of Apo-2 to other sequences, say DR4 , would it be better 
3 5 to mutate residues which are not conserved? I know that some of 
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these may not have clear cut answers but I'm trying to '^st some 
scope here on how to describe as many possible variants as we can. 

Hence, representative sites in the Apo-2 sequence suitable for 
mutagenesis would include residues 

2 • Insertion of Nuc leic Acid into A Reolicable Vector 
The nucleic acid (e.g., cDNA or genomic DNA) encoding 
Apo-2 may be inserted into a replicable vector for further cloning 
(amplification of the DNA) or for expression. Various vectors are 
publicly available. The vector components generally include, but 
are not limited to, one or more of the following: a signal 
sequence, an origin of replication, one or more marker genes, an 
enhancer element, a promoter, and a transcription termination 
sequence, each of which is described below. 

(i) Signal Sequence Component: 
The Apo-2 may be produced recombinantly not only 
directly, but also as a fusion polypeptide with a heterologous 
polypeptide, which may be a signal sequence or other polypeptide 
having a specific cleavage site at the N-terminus of the mature 
protein or polypeptide. In general, the signal sequence may be a 
component of the vector, or it may be a part of the Apo-2 DNA that 
is inserted into the vector. The heterologous signal sequence 
selected preferably is one that is recognized and processed (i.e., 
cleaved by a signal peptidase) by the host cell. The signal 
sequence may be a prokaryotic signal sequence selected, for 
example, from the group of the alkaline phosphatase, penicillinase, 
lpp, or heat-stable enterotoxin II leaders. For yeast secretion 
the signal sequence may be, e.g., the yeast invertase leader, alpha 
factor leader (including Saccharomyces and Kluyveromyces a-factor 
leaders, the latter described in U.S. Pat. No. 5, 010, 182) ,• or acid 
phosphatase leader, the C. albicans glucoamylase leader (EP 362,179 
published 4 April 1990), or the signal described in WO 90/13646 
published 15 November 1990. In mammalian cell expression the 
native Apo-2 presequence that normally directs insertion of Apo-2 



10 



in the cell membrane of human cells in vivo is satisfactory, 
although other mammalian signal sequences may be used to direct 
secretion of the protein, such as signal sequences from secreted 
polypeptides of the same or related species, as well as viral 
secretory leaders, for example, the herpes simplex glycoprotein D 
signal . 

The DNA for such precursor region is preferably ligated 
in reading frame to DNA encoding Apo-2. 

<ii> Origin of Replication Component 
Both expression and cloning vectors contain a nucleic 
acid sequence that enables the vector to replicate in one or more 
selected host cells. Generally, in cloning vectors this sequence 
is one that enables the vector to replicate independently of the 
host chromosomal DNA, and includes origins of replication or 
15 autonomously replicating- sequences . Such sequences are well known 
for a variety of bacteria, yeast, and viruses. The origin of 
replication from the plasmid pBR322 is suitable for most Gram- 
negative bacteria, the 2\i plasmid origin is suitable for yeast, and 
various viral origins (SV40, polyoma, adenovirus, VSV or BPV) are 
useful for cloning vectors in mammalian cells. Generally, the 
origin of replication component is not needed for mammalian 
expression vectors (the SV40 origin may typically be used because 
it contains the early promoter) . 

Most expression vectors are "shuttle" vectors, i.e., they 
are capable of replication in at least one class of organisms but 
can be transfected into another organism for expression. For 
example, a vector is cloned in E. coli and then the same vector is 
transfected into yeast or mammalian cells for expression even 
though it is not capable of replicating independently of the host 
30 cell chromosome. 

DNA may also be amplified by insertion into the host 
genome. This is readily accomplished using Bacillus species as 
hosts, for example, by including in the vector a DNA sequence that 
is complementary to a sequence found in Bacillus genomic DNA. 
35 Transfection of Bacillus with this vector results in homologous 
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recombination with the genome and insertion of Apo-2 DNA. However, 
the recovery of genomic DNA encoding Apo-2 is more complex than 
that of an exogenously replicated vector because restriction enzyme 
digestion is required to excise the Apo-2 DNA. 

(iii) Selection Gene Component 
Expression and cloning vectors typically contain a 
selection gene, also termed a selectable marker. This gene encodes 
a protein necessary for the survival or growth of transformed host 
cells grown in a selective culture medium. Host cells not 
transformed with the vector containing the selection gene will not 
survive in the culture medium. Typical selection genes encode 
proteins that (a) confer resistance to antibiotics or other toxins, 
e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) 
complement auxotrophic deficiencies, or (c) supply critical 
15 nutrients not available from complex media, e.g., the gene encoding 
D-alanine racemase for Bacilli. 

One example of a selection scheme utilizes a drug to 
arrest growth of a host cell. Those cells that are successfully 
transformed with a heterologous gene produce a protein conferring 
20 drug resistance and thus survive the selection regimen. Examples 
of such dominant selection use the drugs neomycin [Southern et al., 
J. Mo lee. Appl. Genet. , 1:327 (1982)], mycophenolic acid (Mulligan 
et al., Science , 209:1422 (1980)] or hygromycin [Sugden et al., 
Mol. Cell. Bio] , 5:410-413 (1985)]. The three examples given 
25 above employ bacterial genes under eukaryotic control to convey 

resistance to the appropriate drug G418 or neomycin (geneticin) , 

xgpt (mycophenolic acid), or hygromycin, respectively. 

Another example of suitable selectable markers for 
mammalian cells are those that enable the identification of cells 
competent to take up the Apo-2 nucleic acid, such as DHFR or 
thymidine kinase. The mammalian cell transf ormants are placed 
under selection pressure that only the transformants are uniquely 
adapted to survive by virtue of having taken up the marker. 
Selection pressure is imposed by culturing the transformants under 
conditions in which the concentration of selection agent in the 
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medium is successively changed, thereby leading to amplification of 
both the selection gene and the DNA that encodes Apo-2. 
Amplification is the process by which genes in greater demand for 
the production of a protein critical for growth are reiterated in 
tandem within the chromosomes of successive generations of 
recombinant cells. Increased quantities of Apo-2 are synthesized 
from the amplified DNA. Other examples of amplifiable genes 
include metallothionein-I and -II, adenosine deaminase, and 
ornithine decarboxylase. 

Cells transformed with the DHFR selection gene may first 
be identified by culturing all of the trans formants in a culture 
medium that contains methotrexate (Mtx) , a competitive antagonist 
of DHFR. An appropriate host cell when wild- type DHFR is employed 
is the Chinese hamster ovary (CHO) cell line deficient in DHFR 
activity, prepared and propagated as described by Urlaub et al. , 
Proc. Natl. Acad. Sci . IIS A , 77:4216 (1980). The transformed cells 
are then exposed to increased levels of methotrexate. This leads 
to the synthesis of multiple copies of the DHFR gene, and, 
concomitantly, multiple copies of other DNA comprising the 
20 expression vectors, such as the DNA encoding Apo-2. This 
amplification technique can be used with any otherwise suitable 
host, e.g., ATCC No. CCL61 CHO-K1, notwithstanding the presence of 
endogenous DHFR if, for example, a mutant DHFR gene that is highly 
resistant to Mtx is employed (EP 117,060). 
25 Alternatively, host cells (particularly wild-type hosts 

that contain endogenous DHFR) transformed or co- transformed with 
DNA sequences encoding Apo-2, wild- type DHFR protein, and another 
selectable marker such as aminoglycoside 3 ' -phosphotransferase 
(APH) can be selected by cell growth in medium containing a 
30 selection agent for the selectable marker such as an 
aminoglycosidic antibiotic, e.g., kanamycin, neomycin, or G418. 
See U.S. Patent No. 4,965,199. 

A suitable selection gene for use in yeast is the trpl 
gene present in the yeast plasmid YRp7 [Stinchcomb et al . , Nature , 
282:39 (1979); Kingsman et al . , Gene . 7:141 (1979); Tschemper et 
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al.. Gene, 10:157 (1980)]. The trpl gene provides a selection 
marker for a mutant strain of yeast lacking the ability to grow in 
tryptophan, for example, ATCC No. 44076 or PEP4-1 [Jones, Genetics . 
85:12 (1977)]. The presence of the trpl lesion in the yeast host 
cell genome then provides an effective environment for detecting 
transformation by growth in the absence of tryptophan. Similarly, 
Leu2-deficient yeast strains (ATCC 20,622 or 38,626) are 
complemented by known plasmids bearing the Leu2 gene. 

In addition, vectors derived from the 1.6 fim circular 
plasmid pKDl can be used for transformation of Kluyveromyces yeasts 
[Bianchi et al . , Curr . Genet., 12:185 (1987)]. More recently, an 
expression system for large-scale production of recombinant calf 
chymosin was reported for K. lactis [Van den Berg, Bio/Technol nay 
8:135 (1990)] . Stable multi-copy expression vectors for secretion 
. of mature recombinant human serum albumin by industrial strains of 
Kluyveromyces have also been disclosed [Fleer et al 
Bio/Tec hnology . 9:968-975 (1991)]. 

(iv) Promoter Component 
Expression and cloning vectors usually contain a promoter 
that is recognized by the host organism and is operably linked to 
the Apo-2 nucleic acid sequence. Promoters are untranslated 
sequences located upstream (5') to the start codon of a structural 
gene (generally within about 100 to 1000 bp) that control the 
transcription and translation of particular nucleic acid sequence, 
such as the Apo-2 nucleic acid sequence, to which they are operably 
linked. Such promoters typically fall into two classes, inducible 
and constitutive. Inducible promoters are promoters that initiate 
increased. levels of transcription from DNA under their control in 
response to some change in culture conditions, e.g., the presence 
or absence of a nutrient or a change in temperature . At this time 
a large number of promoters recognized by a variety of potential 
host cells are well known. These promoters are operably linked to 
Apo-2 encoding DNA by removing the promoter from the source DNA by 
restriction enzyme digestion and inserting the isolated promoter 
sequence into the vector. Both the native Apo-2 promoter sequence 
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and many heterologous promoters may be used to direct amplification 
and/or expression of the Apo-2 DNA. 

Promoters suitable for use with prokaryotic hosts include 
the ^-lactamase and lactose promoter systems [Chang et al . , Nature . 
275:615 (1978); Goeddel et al., Nature . 281:544 (1979)], alkaline 
phosphatase, a tryptophan (trp) promoter system [Goeddel, Nucleic 
Acids Res. , 8:4057 (1980); EP 36,776], and hybrid promoters such as 
the tac promoter [deBoer et al . , Proc . Natl. Acad. Sci . USA . 80:21- 
25 (1983)] . However, other known bacterial promoters are suitable. 
Their nucleotide sequences have been published, thereby enabling a 
skilled worker operably to ligate them to DNA encoding Apo-2 
[Siebenlist et al . , Cell, 20:269 (1980)] using linkers or adaptors 
to supply any required restriction sites. Promoters for use in 
bacterial systems also will contain a Shine-Dalgarno (S.D.) 
sequence operably linked to the DNA encoding Apo-2. 

Promoter sequences are known for eukaryotes. Virtually 
all eukaryotic genes have an AT-rich region located approximately 
25 to 30 bases upstream from the site where transcription is 
initiated. Another sequence found 70 to 80 bases upstream from the 
start of transcription of many genes is a CXCAAT region where X may 
be any nucleotide. At the 3' end of most eukaryotic genes is an 
AATAAA sequence that may be the signal for addition of the poly A 
tail to the 3' end of the coding sequence . All of these sequences 
are suitably inserted into eukaryotic expression vectors. 

Examples of suitable promoting sequences for use with 
yeast hosts include the promoters for 3 -phosphoglycerate kinase 

[Hitzeman et al . , J, Biol. Chem. . 255:2073 (1980)] or other 

glycolytic enzymes [Hess et al., J. Adv. Enzyme Rea. , 7:149 (1968); 
Holland, Biochemistry, 17:4900 (1978)], such as enolase, 
glyceraldehyde- 3 -phosphate dehydrogenase, hexokinase, pyruvate 
decarboxylase, phosphof ructokinase , glucose - 6 -phosphate isomerase, 
3 -phosphoglycerate mutase, pyruvate kinase, triosephosphate 
isomerase, phosphoglucose isomerase, and glucokinase . 

Other yeast promoters, which are inducible promoters 
having the additional advantage of transcription controlled by 



growth conditions, are the promoter regions for alcohol 
dehydrogenase 2, isocytochrome C, acid phosphatase, degradative 
enzymes associated with nitrogen metabolism, metallothionein, 
glyceraldehyde-3 -phosphate dehydrogenase, and enzymes responsible 
for maltose and galactose utilization. Suitable vectors and 
promoters for use in yeast expression are further described in EP 
73,657. Yeast enhancers also are advantageously used with yeast 
promoters . 

Apo-2 transcription from vectors in mammalian host cells 
is controlled, for example, by promoters obtained from the genomes 
of viruses such as polyoma virus, fowlpox virus (UK 2,211,504 
published 5 July 1989), adenovirus (such as Adenovirus 2), bovine 
papilloma virus, avian sarcoma virus, cytomegalovirus, a 
retrovirus, hepatitis-B virus and most preferably Simian Virus 40 
(SV40) , from heterologous mammalian promoters, e.g., the actin 
promoter or an immunoglobulin promoter, from heat-shock promoters, 
and from the promoter normally associated with the Apo-2 sequence, 
provided such promoters are compatible with the host cell systems. 

The early and late promoters of the SV40 virus are 
conveniently obtained as an SV40 restriction fragment that also 
contains the SV40 viral origin of replication [Fiers et al . , 
Nature, 273:113 (1978); Mulligan and Berg, Science . 209:1422-1427 

(1980) ; Pavlakis et al . , Proc . Natl. Acad. Sci. USA . 78:7398-7402 

(1981) ] . The immediate early promoter of the human cytomegalovirus 
is conveniently obtained as a Hindlll E restriction fragment 
[Greenaway et al., Gene , 18:355-360 (1982)]. A system for 
expressing DNA in mammalian hosts using the bovine papilloma virus 
as a vector is disclosed in U.S. Patent No. 4,419,446. A 
modification of this system is described in U.S. Patent No. 
4,601,978 [See also Gray et al., Nature . 295:503-508 (1982) on 
expressing cDNA encoding immune interferon in monkey cells; Reyes 
et al., Nature , 297:598-601 (1982) on expression of human (3- 
interferon cDNA in mouse cells under the control of a thymidine 
kinase promoter from herpes simplex virus,- Canaani and Berg, Proc. 
Natl. Acad. Sci. USA 79:5166-5170 (1982) on expression of the human 
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interferon (3l gene in cultured mouse and rabbit cells^^&ji^Afcan/ 

et a1 -' £T2L Natl. Acad. Sci. USA , 79:6777-6781 (1982) on 

expression of bacterial CAT sequences in CV-l monkey kidney cells, 
chicken embryo fibroblasts, Chinese hamster ovary cells, HeLa 
cells, and mouse NIH-3T3 cells using the Rous sarcoma virus long 
terminal repeat as a promoter] . 

(v) Enhancer Element Component 
Transcription of a DNA encoding the Apo-2 of this 
invention by higher eukaryotes may be increased by inserting an 
enhancer sequence into the vector. Enhancers are cis-acting 
elements of DNA, usually about from 10 to 300 bp, that act on a 
promoter to increase its transcription. Enhancers are relatively 
orientation and position independent, having been found 5' [Laimins 
et al < Proc. Natl. Acad. Sci. USA . 78:993 (1981]) and 3' [Lusky et 
al " MoL Cel1 Bio., 3:1108 (1983]) to the transcription unit, 
within an intron [Banerji et al . , Cell . 33.-729 (1983)], as well as 
within the coding sequence itself [Osborne et al . , Mol . Cell Bio. . 
4:1293 (1984)]. Many enhancer sequences are now known from 
mammalian genes (globin, elastase, albumin, a- fetoprotein , and 
insulin) . Typically, however, one will use an enhancer from a 
eukaryotic cell virus. Examples include the SV40 enhancer on the 
late side of the replication origin (bp 100-270) , the 
cytomegalovirus early promoter enhancer, the polyoma enhancer on 
the late side of the replication origin, and adenovirus enhancers. 
See also Yaniv, Nature, 297:17-18 (1982) on enhancing elements for 
activation of eukaryotic promoters. The enhancer may be spliced 
into the vector at a position 5' or 3' to the Apo-2 coding 
sequence, but is preferably located at a site 5' from the promoter. 

(vi) Transcription Termination Component 
Expression vectors used in eukaryotic host cells (yeast, 
fungi, insect, plant, animal, human, or nucleated cells from other 
multicellular organisms) will also contain sequences necessary for 
the termination of transcription and for stabilizing the mRNA. 
Such sequences are commonly available from the 5' and, occasionally 
3', untranslated regions of eukaryotic or viral DNAs » &y\ fVcDNAs . 



These regions contain nucleotide segments transcribed a 
polyadenylated fragments in the untranslated portion of the mRNA 
encoding Apo-2 . 

(vii) Construction and Analysis of Vectors 
Construction of suitable vectors containing one or more 

of the above -listed components employs standard ligation 
techniques. Isolated plasmids or DNA fragments are cleaved, 
tailored, and re-ligated in the form desired to generate the 
plasmids required. 

For analysis to confirm correct sequences in plasmids 
constructed, the ligation mixtures can be used to transform E . coli 
K12 strain 294 (ATCC 31,446) and successful transf ormants selected 
by ampicillin or tetracycline resistance where appropriate. 
Plasmids from the transf ormants are prepared, analyzed by 
restriction endonuclease digestion, and/or sequenced by the method 
of Messing et al . , Nucleic Acids Res. . 9:309 (1981) or by the 
method of Maxam et al . , Methods in Enzvmoloav . 65:499 (1980). 

(viii) Transient Expression Vectors 

Expression vectors that provide for the transient 
expression in mammalian cells of DNA encoding Apo-2 may be 
employed. In general, transient expression involves the use of an 
expression vector that is able to replicate efficiently in a host 
cell, such that the host cell .accumulates many copies of the 
expression vector and, in turn, synthesizes high levels of a 
desired polypeptide encoded by the expression vector [Sambrook et 
al., supra]... Transient expression systems, comprising a suitable 
expression vector and a host cell, allow for the convenient 
positive identification of polypeptides encoded by cloned DNAs, as 
well as for the rapid screening of such polypeptides for desired 
biological or physiological properties. Thus, transient expression 
systems are particularly useful in the invention for purposes of 
identifying Apo-2 variants. 

( ix ) Suitable Exemplary Vertebrate Cell Vectors 
Other methods, vectors, and host cells suitable for 

adaptation to the synthesis of Apo-2 in recombinant vertebrate* cell 
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culture are described in Gething et al . , Nature , 293 : 620-625 
(1981) ; Mantei et al . , Nature . .281:40-46 (1979) ; EP 117, 060; and EP 
117, 058 . 

3 ■ Selection and Transformation of Host Cells 
Suitable host cells for cloning or expressing the DNA in 
the vectors herein are the prokaryote, yeast, or higher eukaryote 
cells described above. Suitable prokaryotes for this purpose 
include but are not limited to eubacteria, such as Gram-negative or 
Gram-positive organisms, for example, Enterobacteriaceae such as 
Escherichia, e.g., E . coli t Enterobacter , Erwinia, Klebsiella, 
Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., 
Serratia marcescans, and Shigella, as well as Bacilli such as B . 
subtilis and B . licheniformis (e.g., B. licheniformis 41P disclosed 
in DD 266,710 published 12 April 1989), Pseudomonas such as P. 
aeruginosa, and Streptomyces . Preferably, the host cell should 
secrete minimal amounts of proteolytic enzymes. 

in addition to prokaryotes, eukaryotic microbes such as 
filamentous fungi or yeast are suitable cloning or expression hosts 
for Apo- 2 -encoding vectors. Saccharomyces cerevisiae, or common 
baker's yeast, is the most commonly used among lower eukaryotic 
.host microorganisms. However, a number of other genera, species, 
and strains are commonly available and useful herein. 

Suitable host cells for the expression of glycosylated 
Apo-2 are derived from multicellular organisms. Such host cells 
are capable of complex processing and glycosylat ion activities. In 
principle, any higher eukaryotic cell culture is workable, whether 
from vertebrate or invertebrate culture. Examples of invertebrate 
cells include plant and insect cells. Numerous baculoviral strains 
and variants and corresponding permissive insect host cells from 
hosts such as Spodoptera frugiperda (caterpillar) , Aedes aegypti 
(mosquito) , Aedes albopictus (mosquito) , Drosophila melanogaster 
(fruitfly) , and Bombyx mori have been identified [See, e.g., Luckow 
et al., Bio/Technology, 6:47-55 (1988); Miller et al . , in Genetic 
Engineering, Setlow et al., eds . , Vol. 8 (Plenum Publishing, 1986), 
pp. 277-279; and Maeda et al., Nature . 315 : 592-594 (1985)]. A 
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variety of viral strains for transfection are publicly available, ' 
e.g., the L-l variant of Autographa californica NPV and the Bm-5 
strain of Bombyx mori NPV . 

Plant cell cultures of cotton, -corn , potato, soybean, 
petunia, tomato, and tobacco can be utilized as hosts. Typically, 
plant cells are transfected by incubation with certain strains of 
the. bacterium Agrobacterium tumefaciens . During incubation of the 
plant cell culture with A . tumefaciens, the DNA encoding the Apo-2 
can be transferred to the plant cell host such that it is 
transfected, and will, under appropriate conditions, express the 
Apo-2-encoding DNA . In addition, regulatory and signal sequences 
compatible with plant cells are available, such as the nopaline 
synthase promoter and polyadenylat ion signal sequences [Depicker et 
al -< J - Mq1 - Appl. Gen. , 1:561 (1982)]. In addition, DNA segments 
15 isolated from the upstream region of the T-DNA 780 gene are capable 
of activating or increasing transcription levels of plant- 
expressible genes in recombinant DNA-containing plant tissue [EP 
321,196 published 21 June 1989]. 

Propagation of vertebrate cells in culture (tissue 
20 culture) is also well known in the art [See, e.g., Tissue Culture , 
Academic Press, Kruse and Patterson, editors (1973)]. Examples of 
useful mammalian host cell lines are monkey kidney CV1 line 
transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney 
line (293 or 293 cells subcloned for growth in suspension culture, 
25 Graham et al . , J. Gen Virol. , 36:59 (1977)); baby hamster kidney 
cells (BHK, ATCC CCL 10); Chinese hamster ovary cells/-DHFR (CHO, 
Urlaub and Chasin, Proc . Natl. Acad. Sci. USA . ;77:4216 (1980)); 
mouse Sertoli cells (TM4, Mather, Biol. Reprod. . 23:243-251 
(1980)); monkey kidney cells (CV1 ATCC CCL 70); African green 
30 monkey kidney cells (VERO-76, ATCC CRL-1587); human cervical 
carcinoma cells (HELA, ATCC CCL 2) ; canine kidney cells (MDCK, ATCC 
CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human 
lung cells (W138, ATCC CCL 75); human liver cells (Hep G2 , HB 
8065); mouse mammary tumor (MMT 060562, ATCC CCL51) ; TRI cells 
35 (Mather et al., Annals N.Y. Acad. Sci. . 3.83:44-68 (1982)); MRC 5 
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cells; and FS4 cells. 

Host cells are transfected and preferably transformed 
with the above -described expression or cloning vectors for Apo-2 
production and cultured in conventional nutrient media modified as 
appropriate for inducing promoters, selecting transf ormants , or 
amplifying the genes encoding the desired sequences. 

Transfection refers to the taking up of an expression 
vector by a host cell whether or not any coding sequences are in 
fact expressed. Numerous methods of transfection are known to the 
ordinarily skilled artisan, for example, CaP0 4 and elec troporat ion . 
Successful transfection is generally recognized when any indication 
of the operation of this vector occurs within the host cell. 

Transformation means introducing DNA into an organism so 
that the DNA is replicable, either as an ext rachromosomal element 
or by chromosomal integrant. Depending on the host cell used, 
transformation is done using standard techniques appropriate to 
such cells. The calcium treatment employing calcium chloride, as 
described in Sambrook et aL, supra , or electroporat ion is 
generally used for prokaryotes or other cells that contain 
substantial cell-wall barriers. Infection with Agrobacterium 
tuwefaciens is used for transformation of certain plant cells, as 
described by Shaw et al . , Gene, -23:315 (1983) and WO 89/05859 
published 29 June 1989. In addition, plants may be transfected 
using ultrasound treatment as described in WO 91/00358 published 10 
January 19 91 . 

For mammalian cells without such cell walls, the calcium 
phosphate precipitation method of Graham and van der Eb, Virology , 
52:456-457 (1978) is preferred. General aspects of mammalian cell 
host system transformations have been described in U.S. Pat. No. 
4,399,216. Transformations into yeast are typically carried out 
according to the method of Van Solingen et al., J. Bact . , 130:946 
(1977) and Hsiao et al., Proc . Natl. Acad. Sci. (USA) , 76:3829 
(1979) . However, other methods for introducing DNA into cells, 
such as by nuclear microinjection, electroporat ion , bacterial 
protoplast fusion with intact cells, or polycations, e.g., 



polybrene, polyornithine , may also be used. For various techniques 
for transforming mammalian cells, see Keown et al . , Methods in 
Enzymology, 185: 527-537 (1990) and Mansour et al. , Nature . 336,-348- 
352 (1988) . 

5 4 . Culturing the Host Cells 

Prokaryotic cells used to produce Apo-2 may be cultured 
in suitable media as described generally in Sambrook et al., supra. 

The mammalian host cells used to produce Apo-2 may be 
cultured in a variety of media. Examples of commercially available 
10 media include Ham's F10 (Sigma), Minimal Essential Medium ("MEM", 
Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's Medium 
( " DMEM" , Sigma). Any such media may be supplemented as necessary 
with hormones and/or other growth factors (such as insulin, 
transferrin, or epidermal growth factor), salts (such as sodium 
15 chloride, calcium, magnesium, and phosphate), buffers (such as 
HEPES) , nucleosides (such as adenosine and thymidine), antibiotics 
(such as Gentamycin™ drug), trace elements (defined as inorganic 
compounds usually present at final concentrations in the micromolar 
range) , and glucose or an equivalent energy source.. Any other 
20 necessary supplements may also be included at appropriate 
concentrations that would be known to those skilled in the art. 
The culture conditions, such as temperature, pH, and the like, are 
those previously used with the host cell selected for expression, 
and will be apparent to the ordinarily skilled artisan. 
25 In general, principles, protocols, and practical 

techniques for maximizing the productivity of mammalian cell 
cultures can be found in Mammalian Cell Biotechnology: a Practical 
Approach . M. Butler, ed . (IRL Press, 1991) . 

The host cells referred to in this disclosure encompass 
cells in culture as well as cells that are within a host animal. 
5 • Detecting Gene Amplification/Expression 
Gene amplification and/or expression may be measured in 
a sample directly, for example, by conventional Southern blotting, 
Northern blotting to quantitate the transcription of mRNA [Thomas, 
35 Proc. Natl. Acad. Sci. USA , 77:5201-5205 (1980)], dot blotting (DNA 
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analysis) , or in situ hybridization, using an appropriately ^fS^W' 
probe, based on the sequences provided herein. Various labels may 
be employed, most commonly radioisotopes, and particularly 32 P. 
However, other techniques may also be employed, such as using 
biotin-modified nucleotides for introduction into a polynucleotide. 
The biotin then serves as the site for binding to avidin or 
antibodies, which may be labeled with a wide variety of labels, 
such as radionucleotides, fluorescers or enzymes. Alternatively, 
antibodies may be employed that can recognize specific duplexes, 
including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes 
or DNA-protein duplexes. The antibodies in turn may be labeled and 
the assay may be- carried out where the duplex is bound to a 
surface, so that upon the formation of duplex on the surface, the 
presence of antibody bound to the duplex can be detected. 

Gene expression, alternatively, may be measured by 
immunological methods, such as immunohistochemical staining of 
cells or tissue sections and assay of cell culture or body fluids, 
to quantitate directly the expression of gene product. With 
immunohistochemical staining techniques, a cell sample is prepared, 
typically by dehydration and fixation, followed by reaction with 
labeled antibodies specific for the gene product coupled, where the 
labels are usually visually detectable, such as enzymatic labels, 
fluorescent labels, or luminescent labels. 

Antibodies useful for immunohistochemical staining and/or 
assay of sample fluids may be either monoclonal or polyclonal, and 
may be prepared in any mammal . Conveniently, the antibodies may be 
prepared against a native sequence Apo-2 polypeptide or against a 
synthetic peptide based on the DNA sequences provided herein or 
against exogenous sequence fused to Apo-2 DNA and encoding a 
specific antibody epitope. 

6 • Purific ation of Apo-2 Polypeptide 

Forms of Apo-2 may be recovered from culture medium or 
from host cell lysates . If the Apo-2 is membrane -bound, it can be 
released from the membrane using a suitable detergent solution 
(e.g. Triton-X 100) or its extracellular domain may be released by 
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When Apo-2 is produced in a recombinant cell other than 
one of human origin, the Apo-2 is free of proteins or polypeptides 
of human origin. However, it may be desired to purify Apo-2 from 
recombinant cell proteins or polypeptides to obtain preparations 
that are substantially homogeneous as to Apo-2. As a first step, 
the culture medium or lysate may be centrifuged to remove 
particulate cell debris. Apo-2 thereafter is purified from 
contaminant soluble proteins and polypeptides, with the following 
procedures being exemplary of suitable purification procedures : by 
fractionation on an ion-exchange column; ethanol precipitation; 
reverse phase HPLC; chromatography on silica or on a cation- 
exchange resin such as DEAE; chromatofocusing; SDS-PAGE; ammonium 
sulfate precipitation; gel filtration using, for example, Sephadex 
G-75; and protein A Sepharose columns to remove contaminants such 
as IgG. 

Apo-2 variants in which residues have been deleted, 
inserted, or substituted can be recovered in the same fashion as 
native sequence Apo-2, taking account of changes in properties 
occasioned by the variation. For example, preparation of an Apo-2 
fusion with another protein or polypeptide, e.g., a bacterial or 
viral antigen, immunoglobulin sequence, or receptor sequence, may 
facilitate purification; an immunoaf f inity column containing 
antibody to the sequence can be used to adsorb the fusion 
polypeptide. Other types of affinity matrices also can be used. 

A protease inhibitor such as phenyl methyl sulfonyl 
fluoride (PMSF) also may be useful to inhibit proteolytic 
degradation during purification, and antibiotics may be included to 
prevent the growth of adventitious contaminants. One skilled in 
the art will appreciate that purification methods suitable for 
native sequence Apo-2 may require modification to account for 
changes in the character of Apo-2 or its variants upon expression 
in recombinant cell culture. 



7 • Covalen t Modifications of Apo-2 Polypeptides 

Covalent modifications of Apo-2 are included within the 
scope of this invention. One type of covalent modification of the 
Apo-2 is introduced into the molecule by reacting targeted amino 
acid residues of the Apo-2 with an organic derivatizing agent that 
is capable of reacting with selected side chains or the N- or C- 
terminal residues of the Apo-2. 

Derivatization with bifunctional agents is useful for 
crosslinking Apo-2 to a water- insoluble support matrix or surface 
for use in the method for purifying anti-Apo-2 antibodies, and 
vice-versa. Derivatization with one or more bifunctional agents 
will also be useful for crosslinking Apo-2 molecules to generate 
Apo-2 dimers. Such dimers may increase binding avidity and extend 
half-life of the molecule in vivo. Commonly used crosslinking 
agents include, e.g., 1 , l-bis (diazoacetyl ) - 2 -phenylethane , 
glutaraldehyde, N-hydroxysuccinimide esters, for example, esters 
with 4-azidosalicylic acid, homobif unctional imidoesters, including 
disuccinimidyl esters such as 3 , 3 ' -dithiobis ( succinimidyl - 
propionate) , and bifunctional maleimides such as bis-N-maleimido- 
1, 8-octane. Derivatizing agents such as methyl-3- [ (p-azidophenyl) - 
dithio]propioimidate yield photoactivatable intermediates that are 
capable of forming crosslinks in the presence of light. 
Alternatively, reactive water- insoluble matrices such as cyanogen 
bromide-activated carbohydrates and the reactive substrates 
described in U.S. Patent Nos . 3,969,287; 3,691,016; 4,195,128; 
4,247,642; 4,229,537; and 4,330,440 are employed for protein 
immobilization . 

Other modifications include deamidation of glutaminyl and 
asparaginyl residues to the corresponding glutamyl and aspartyl 
residues, respectively, hydroxylation of proline and lysine, 
phosphorylation of hydroxyl groups of seryl or threonyl residues, 
methylation of the a-amino groups of lysine, arginine, and 
histidine side chains [T.E. Creighton, Proteins: Structure 3 nd 
Molecular Properties, W.H. Freeman & Co., San Francisco, pp. 79-86 
(1983)], acetylation of the N-terminal amine, and amidation of any 



C- terminal carboxyl group. The modified forms of the residues l fam 
within the scope of the present invention. 

Another type of covalent modification of the Apo-2 
polypeptide included within the scope of this invention comprises 
altering the native glycosylation pattern of the polypeptide. 
"Altering the native glycosylation pattern" is intended for 
purposes herein to mean deleting one or more carbohydrate moieties 
found in native sequence Apo-2, and/or adding one or more 
glycosylation sites that are not present in the native sequence 
Apo - 2 . 

Glycosylation of polypeptides is typically either re- 
linked or O-linked. N-linked refers to the attachment of the 
carbohydrate moiety to the side chain of an asparagine residue. 
The tripeptide sequences asparagine -X-serine and asparagine -X- 
threonine, where X is any amino acid except proline, are the 
recognition sequences for enzymatic attachment of the carbohydrate 
moiety to the asparagine side chain. Thus, the presence of either 
of these tripeptide sequences in a polypeptide creates a potential 
glycosylation site. O-linked glycosylation refers to the 

attachment of one of the sugars N-aceylgalactosamine , galactose, or 
xylose to a hydroxylamino acid, most commonly serine or threonine, 
although 5 -hydroxyproline or 5 -hydroxylysine may also be used. 

Addition of glycosylation sites to the Apo-2 polypeptide 
may be accomplished by altering the amino acid sequence such that 
it contains one or more of the above -described tripeptide sequences 
(for N-linked glycosylation sites) . The alteration may also be 
made by the addition of, or substitution by, one or more serine or 
threonine residues to the native sequence Apo-2 (for O-linked 
glycosylation sites) . The Apo-2 amino acid sequence may optionally 
be altered through changes at the DNA level, particularly by 
mutating the DNA encoding the Apo-2 polypeptide at preselected 
bases such that codons are generated that will translate into the 
desired amino acids. The DNA mutation (s) may be made using methods 
described above and in U.S. Pat. No. 5,364,934, supra . 

Another means of increasing the number of carbohydrate 
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moieties on the Apo-2 polypeptide is by chemical or enzymatic" 
coupling of glycosides to the polypeptide. Depending on the 
coupling mode used, the sugar (s) may be attached to (a) arginine 
and histidine, (b) free carboxyl groups, (c) free sulfhydryl groups 
such as those of cysteine, (d) free -hydroxyl groups such as those 
of serine, threonine, or hydroxyproline, (e) aromatic residues such 
as those of phenylalanine, tyrosine, or tryptophan, or (f) the 
amide group of glutamine . These methods are described in WO 
87/05330 published 11 September 1987, and in Aplin and Wriston, CRC 
Crit. R ev. Biochem. . pp. 259-306 (1981). 

Removal of carbohydrate moieties present on the Apo-2 
polypeptide may be accomplished chemically or enzymatically or by 
mutational substitution of codons encoding for amino acid residues 
that serve as targets for glycosylation . For instance, chemical 
15 deglycosylation by exposing the polypeptide to the compound 
trifluoromethanesulfonic acid, or an equivalent compound can result 
in the cleavage of most or all sugars except the linking sugar (N- 
acetylglucosamine or N-acetylgalactosamine ) , while leaving the 
polypeptide intact. Chemical deglycosylation is described by 
20 Hakimuddin, et al . , Arch. Biochem. Biophvs. . 259 : 52 (1987) and by 
Edge et al . , Anal. Biochem. , 118:131 (1981). Enzymatic cleavage of 
carbohydrate moieties on polypeptides can be achieved by the use of 
a variety of endo- and exo-glycosidases as described by Thotakura 
et al -> Meth . Enzvmol . , 138 : 350 (1987). 
25 ' Glycosylation at potential glycosylation sites may be 

prevented by the use of the compound tunicamycin as described by 
Duskin et al., J. Biol. Chem . , 257:3105 (1982) . Tunicamycin blocks 
the formation of protein-N-glycoside linkages. 

Another type of covalent modification of Apo-2 comprises 
30 linking the Apo-2 polypeptide to one of a variety of 
nonproteinaceous polymers, e.g., polyethylene glycol , polypropylene 
glycol, or polyoxyalkylenes , in the manner set forth in U.S. Patent 
Nos. 4,640,835; 4,496,689; 4,301,144; 4,670,417; 4,791,192 or 
4,179,337. 

: v ?. «nn ram a 

... . . I U -m i !t < s: l . 

-38- 



35 



8- Apo-2 Chimeras ^^j/f 
The present invention also provides chimeric molecules 
comprising Apo-2 fused to another, heterologous polypeptide or 
amino acid sequence. 

In one embodiment, the chimeric molecule comprises a 
fusion of the Apo-2 with a tag polypeptide which provides ah 
epitope to which an anti-tag antibody can selectively bind. The 
epitope tag is generally placed at the amino- or carboxyl- terminus 
of the Apo-2. The presence of such epitope- tagged forms of the 
Apo-2 can be detected using an antibody against the tag 
polypeptide. Also, provision of the epitope tag enables the Apo-2 
to be readily purified by affinity purification using an anti-tag 
antibody or another type of affinity matrix that binds to the 
epitope tag. 

Various tag polypeptides and their respective antibodies 
are well known in the art. Examples include the flu HA tag 
polypeptide and its antibody 12CA5 [Field et al . , Mol . Cell . Biol 
8.:2159-2165 (1988)]; the c-myc tag and the 8F9, 3C7, 6E10, G4, B7 
and 9E10 antibodies thereto [Evan et al . , Molecular and Cellular 
Bioloqy , 5:3610-3616 (1985)]; and the Herpes Simplex virus 
glycoprotein D (gD) tag and its antibody [Paborsky et al., Protein 
Engineering, 3(6) :547-553 (1990)] . Other tag polypeptides include 
the Flag-peptide [Hopp et al . , BioTechnoloay . 6:1204-1210 (1988)]; 
the KT3 epitope, peptide [Martin et al . , Science . 255 : 192-194 
(1992)]; an or-tubulin epitope peptide [Skinner et al., J. Biol. 
chem • > 266.:15163-15166 (1991)]; and the T7 gene 10 protein peptide 
tag [Lutz-Freyermuth et al . , Proc . Natl. Acad. Sci . USA . 87:6393- 
6397 (1990)]. Once the tag polypeptide has been selected, an 
antibody thereto can be generated using the techniques disclosed 
herein . 

Generally, epitope - tagged Apo-2 may be constructed and 
produced according to the methods described above. Epitope -tagged 
Apo-2 is also described in the Examples below. Apo-2-tag 
polypeptide fusions are preferably constructed by fusing the cDNA 
sequence encoding the Apo-2 portion in- frame to the tag polypeptide 



DNA sequence and expressing the resultant DNA fusion construct in 
appropriate host cells. Ordinarily, when preparing the Apo-2-tag 
polypeptide chimeras of the present invention, nucleic acid 
encoding the Apo-2 will be fused at its 3' end to nucleic acid 
encoding the N-terminus of the tag polypeptide, however 5' fusions 
are also possible. For example, a polyhistidine sequence of about 
5 to about 10 histidine residues may be fused at the N- terminus or 
the C- terminus and used as a purification handle in affinity 
chromatography . 

Epitope -tagged Apo-2 can be purified by affinity 
chromatography using the anti-tag antibody. The matrix to which 
the affinity antibody is attached may include, for instance, 
agarose, controlled pore glass or poly (styrenedivinyl) benzene . The 
epitope-tagged Apo-2 can then be eluted from the affinity column 
using techniques known in the art. 

In another embodiment, the chimeric molecule comprises an 
Apo-2 polypeptide fused to an immunoglobulin sequence. The 
chimeric molecule may also comprise a particular domain sequence of 
Apo-2, such as the extracellular domain sequence of native Apo-2 
fused to an immunoglobulin sequence. This includes chimeras in 
monomeric, homo- or heteromultimeric, and particularly homo- or 
heterodimeric, or -tetrameric forms; optionally, the chimeras may 
be in dimeric forms or homodimeric heavy chain forms. Generally, 
these assembled immunoglobulins will have known unit structures as 
represented by the following diagrams. 
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A basic four chain structural unit is the form in which 
IgG, IgD, and IgE exist. A four chain unit is repeated in the 
higher molecular weight immunoglobulins; IgM generally exists as a 
pentamer of basic four-chain units held together by disulfide 
bonds. igA globulin, and occasionally IgG globulin, may also exist 
in a multimeric form in serum. In the case of multimers, each four 
chain unit may be the same or different. 

The following diagrams depict some exemplary monomer, 
homo- and heterodimer and homo- and heteromult imer structures. 
These diagrams are merely illustrative, and the chains of the 
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multimers are believed to be disulfide bonded in the same fashion^'' 
as native immunoglobulins . 
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In the foregoing diagrams, "A" means an Apo-2 sequence or 
an Apo-2 sequence fused to a heterologous sequence; X is an 
additional agent, which may be the same as A or different, a 
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portion of an immunoglobulin superfamily member such as a variable 
region or a variable region-like domain, including a native or 
chimeric immunoglobulin variable region, a toxin such a pseudomonas 
exotoxin or ricin, or a sequence functionally binding to another 
protein, such as other cytokines (i.e., IL-1, interf eron-7) or cell 
surface molecules (i.e., NGFR, CD40, 0X40, Fas antigen, T2 proteins 
of Shope and myxoma poxviruses) , or a polypeptide therapeutic agent 
not otherwise normally associated with a constant domain; Y is a 
linker or another receptor sequence; and V L , V H , C L and C H represent 
light or heavy chain variable or constant domains of an 
immunoglobulin. Structures comprising at least one CRD of an Apo-2 
sequence as 11 A" and another cell-surface protein having a 
repetitive pattern of CRDs (such as TNFR) as "X" are specifically 
included . 

15 It: will be understood that the above diagrams are merely 

exemplary of the possible structures of the chimeras of the present 
invention, and do not encompass all possibilities. For example, 
there might desirably be several different "A n s, "X M s, or "Y"s in 
any of these constructs. Also, the heavy or light chain constant 

20 domains may be originated from the same or different 
immunoglobulins- All possible permutations of the illustrated and 
similar structures are all within the scope of the invention 
herein . 

In general, the chimeric molecules can be constructed in 
25 a fashion similar to chimeric antibodies in which a variable domain 
from an antibody of one species is substituted for the variable 
domain of another species. See, for example, EP 0 125 023 ; EP 
173,494; Munro, Nature, 312:597 (13 December 1984); Neuberger et 
al., Nature, 312:604-608 ( 13 December 1984 ) ; Sharon et al . , Nature , 
30 301:364-367 (24 May 1984); Morrison et al . , Proc . Nat'l. Acad. Sci. 

USA, 81:6851-6855 (1984); Morrison et al . , Science , 229 : 1202-1207 
(1985); Boulianne et al . , Nature, 312:643-646 (13 December 1984); 
Capon et al., Nature, 33J_: 525-531 (1989); Traunecker et al . , 
Nature, 339 : 68-70 (1989). 
35 Alternatively, the chimeric molecules may be constructed 
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as follows. The DNA including a region encoding the desired 
sequence, such as an Apo-2 and/or TNFR sequence, is cleaved by a 
restriction enzyme at or proximal to the 3' end of the DNA encoding 
the immunoglobulin- like domain (s) and at a point at or near the DNA 
encoding the N-terminal end of the Apo-2 or TNFR polypeptide (where 
use of a different leader is contemplated) or at or proximal to the 
N-terminal coding region for TNFR (where the native signal is 
employed) . This DNA fragment then is readily inserted proximal to 
DNA encoding an immunoglobulin light or heavy chain constant region 
and, if necessary, the resulting construct tailored by deletional 
mutagenesis. Preferably, the Ig is a human immunoglobulin when the 
chimeric molecule is intended for in vivo therapy for humans. DNA 
encoding immunoglobulin light or heavy chain constant regions is 
known or readily available from cDNA libraries or is synthesized. 
See for example, Adams et al., Biochemistry , 19. : 2711 - 2719 (1980); 
Gough et al., Biochemistry . 19:2702-2710 (1980); Dolby et al . , 

Proc. Natl. Acad. Sci . . USA , 22:6027-6031 (1980); Rice et al . , 

Proc. Natl. Acad. Sci. . 29:7862-7865 (1982); Falkner et al., 

Nature, 298:286-288 (1982); and Morrison et al . , Ann. Rev. 
Immunol . , 2:239-256 (1984). 

Further details of how to prepare such fusions are found 
in publications concerning the preparation of immunoadhesins . 
Immunoadhesins in general, and CD4-Ig fusion molecules specifically 
are disclosed in WO 89/02922, published 6 April 1989). Molecules 
comprising the extracellular portion of CD4 , the receptor for human 
immunodeficiency virus (HIV) , linked to IgG heavy chain constant 
region are known in the art and have been found to have a markedly 
longer half-life and lower clearance than the soluble extracellular 
portion of CD4 [Capon et al., supra ; Byrn et al . , Nature , 344 : 667 
(1990)] . The construction of specific chimeric TNFR- IgG molecules 
is also described in Ashkenazi et al . Proc . Natl. Acad. Sci. , 
88:10535-10539 {1991); Lesslauer et al. [ J. Cell. Biochem. 
Supplement 15F, 1991, p. 115 (P 432)]; and Peppel and Beutler, 
Cell. Biochem. Supplement 15F , 1991, p. 118 (P 439)] . 



B . Therapeutic and Non- therapeutic Uses for Apo-2 ' jj 

Apo-2, as disclosed in the present specification, can be 
employed therapeutically to induce apoptosis in mammalian cells. 
This, therapy can be accomplished for instance, using in vivo or ex 
5 vivo gene therapy techniques and includes the use of the death 
domain sequences disclosed herein. The Apo-2 chimeric molecules 
(including the chimeric molecules containing the extracellular 
domain sequence of Apo-2) comprising immunoglobulin sequences can 
also be employed therapeutically to inhibit apoptosis or NF-kB 
10 induction. 

The Apo-2 of the invention also has utility in non- 
therapeutic applications. Nucleic acid sequences encoding the Apo- 
2 may be used as a diagnostic for tissue-specific typing. For 
example, procedures like in situ hybridization, Northern and 
15 Southern blotting, and PCR analysis may be used to determine 
whether DNA and/or RNA encoding Apo-2 is present in the cell 
type(s) being evaluated. Apo-2 nucleic acid will also be useful 
for the preparation of Apo-2 by the recombinant techniques 
described herein . 

20 The isolated Apo-2 may be used in quantitative diagnostic 

assays as a control against which samples containing unknown 
quantities of Apo-2 may be prepared. Apo-2 preparations are also 
useful in generating antibodies, as standards in assays for Apo-2 
(e.g., by labeling Apo-2 for use as a standard in a 

25 radioimmunoassay, radioreceptor assay, or enzyme- linked 
immunoassay) , in affinity purification techniques, and in 
competitive-type receptor binding assays when labeled with, for 
instance, radioiodine, enzymes, or f luorophores . 

Modified forms of the Apo-2, such as the Apo-2 -IgG 

30 chimeric molecules ( immunoadhesins ) described above, can be used as 
immunogens in producing anti-Apo-2 antibodies. 

Nucleic acids which encode Apo-2 or its modified forms 
can also be used to generate either transgenic animals or "knock 
out" animals which, in turn, are useful in the development and 

35 screening of therapeutically useful reagents. A transgenic animal 
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(e.g., a mouse or rat) is an animal having cells that contain a 
transgene, which transgene was introduced into the animal or an 
ancestor of the animal at a prenatal, e.g., an embryonic stage. A 
transgene is a DNA which is integrated into the genome of a cell 
from which a transgenic animal develops. In one embodiment, cDNA 
encoding Apo-2 or an appropriate sequence thereof can be used to 
clone genomic DNA encoding Apo-2 in accordance with established 
techniques and the genomic sequences used to generate transgenic 
animals that contain cells which express DNA encoding Apo-2. 
Methods for generating transgenic animals, particularly animals 
such as mice or rats, have become conventional in the art and are 
described, for example, in U.S. Patent Nos . 4,736,866 and 
4,870,009. Typically, particular cells would be targeted for Apo-2 
transgene incorporation with tissue-specific enhancers. Transgenic 
animals that include a copy of a transgene encoding Apo-2 
introduced into the germ line of the animal at an embryonic stage 
can be used to examine the effect of increased expression of DNA 
encoding Apo-2. Such animals can be used as tester animals for 
reagents thought to confer protection from, for example, 
pathological conditions associated with excessive apoptosis. In 
accordance with this facet of the invention, an animal is treated 
with the reagent and a reduced incidence of the pathological 
condition, compared to untreated animals bearing the transgene, 
would indicate a potential therapeutic intervention for the 
pathological condition. In another embodiment, transgenic animals 
that carry a soluble form of Apo-2 such as the Apo-2 ECD or an 
immunoglobulin chimera of such form could be constructed to test 
the effect of chronic neutralization of Apo-2L, a ligand of Apo-2. 

Alternatively, non-human homologues of Apo-2 can be used 
to construct an Apo-2 "knock out" animal which has a defective or 
altered gene encoding Apo-2 as a result of homologous recombination 
between the endogenous gene encoding Apo-2 and altered genomic DNA 
encoding Apo-2 introduced into an embryonic cell of the animal. 
For example, cDNA encoding Apo-2 can be used to clone genomic DNA 
encoding Apo-2 in accordance with established techniques. A 



••CO 

portion of the genomic DNA encoding Apo-2 can be deleted or 
replaced with another gene, such as a gene encoding a selectable 
marker which . can be used to monitor integration. Typically, 
several kilobases of unaltered flanking DNA (both at the 5' and 3' 
ends) are included in the vector (see e.g., Thomas and Capecchi, 
Cell, 51:503 (1987) for a description of homologous recombination 
vectors] . The vector is introduced into an embryonic stem cell 
line (e.g., by electroporation) and cells in which the introduced 
DNA has homologously recombined with the endogenous DNA are 
selected [see e.g., Li et al . , Cell , 69:915 (1992)]. The selected 
cells are then injected into a blastocyst of an animal (e.g., a 
mouse or rat) to form aggregation chimeras [see e.g., Bradley, in 
Teratocarcinomas and Embryonic Stem Cells: A Practical Approach, E. 
J. Robertson, ed . ( IRL, Oxford, 1987), pp. 113-152]. A chimeric 
embryo can then be implanted into a suitable pseudopregnant female 
foster animal and the embryo brought to term to create a "knock 
out" animal. Progeny harboring the homologously recombined DNA in 
their germ cells can be identified by standard techniques and used 
to breed animals in which all cells of the animal contain the 
homologously recombined DNA. Knockout animals can be characterized 
for instance, for their ability to defend' against certain 
pathological conditions and for their development of pathological 
conditions due to absence of the Apo-2 polypeptide, including for 
example, development of tumors. 

c - Anti -Ap o-2 Antibody Preparation 

The present invention further provides anti-Apo-2 
antibodies. Antibodies against Apo-2 may be prepared as follows. 
Exemplary antibodies include polyclonal, monoclonal, humanized, 
bispecific, and heterocon j ugate antibodies. 

1 • Polyclonal Antibodies 

The Apo-2 antibodies may comprise polyclonal antibodies. 
Methods of preparing polyclonal antibodies are known to the skilled 
artisan. Polyclonal antibodies can. be raised in a mammal, for 
example, by one or more injections of an immunizing agent and, if 
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desired, an adjuvant. Typically, the immunizing agent and/of 
adjuvant will be injected in the mammal by multiple subcutaneous or 
intraperitoneal injections. The immunizing agent may include the 
Apo-2 polypeptide or a fusion protein thereof. An example of a 
suitable immunizing agent is a Apo-2-IgG fusion protein or chimeric 
molecule (including an Apo-2 ECD-IgG fusion protein) . Cells 
expressing Apo-2 at their surface may also be employed. It may be 
useful to conjugate the immunizing agent to a protein known to be 
immunogenic in the mammal being immunized. Examples of such 
immunogenic proteins which may be employed include but are not 
limited to keyhole limpet hemocyanin, serum albumin, bovine 
thyroglobulin, and soybean trypsin inhibitor. An aggregating agent 
such as alum may also be . employed to enhance the mammal's immune 
response. Examples of adjuvants which may be employed include 
Freund's complete adjuvant and MPL-TDM adjuvant (monophosphoryl 
Lipid A, synthetic trehalose dicorynomycolate) . The immunization 
protocol may be selected by one skilled in the art without undue 
experimentation. The mammal can then be bled, and the serum 
assayed for antibody titer. If desired, the mammal can be boosted 
until the antibody titer increases or plateaus. 
2 . Monoclonal Antibodies 

The Apo-2 antibodies may, alternatively, be monoclonal 
antibodies. Monoclonal ant ibodies may be prepared using hybridoma 
methods, such as those described by Kohler and Milstein, supra . In 
a hybridoma method, a mouse, hamster, or other appropriate host 
animal, is typically immunized (such as described above) with an 
immunizing agent to elicit lymphocytes that produce or are capable 
of producing antibodies that will specifically bind to the 
.immunizing agent. Alternatively, the lymphocytes may be immunized 
in vitro.. 

The immunizing agent will typically include the Apo-2 
polypeptide or a fusion protein thereof. An example of a suitable 
immunizing agent is a Apo-2 - IgG fusion protein or chimeric 
molecule. Cells expressing Apo-2 at their surface may also be 
employed. Generally, either peripheral blood lymphocytes ("PBLs") ■ 



are used if cells of human origin are desired, or spleen cell^-Or" 
lymph node cells are used if non-human mammalian sources are 
desired. The lymphocytes are' then fused" with an immortalized cell 
line using a suitable fusing agent, such as polyethylene glycol, to 
form a hybridoma cell [Goding, Monoclonal Antibodies: Principles 
and Practice. Academic Press, (1986) pp. 59-103] . Immortalized 
cell lines are usually transformed mammalian cells, particularly 
myeloma cells of rodent, bovine and human origin. Usually, rat or 
mouse myeloma cell lines are employed. The hybridoma cells may be 
cultured in a suitable culture medium that preferably contains one 
or more substances that inhibit the growth or survival of the 
unfused, immortalized cells. For example, if the parental cells 
lack the enzyme hypoxanthine guanine phosphoribosyl transferase 
(HGPRT or' HPRT) , the culture medium for the hybridomas typically 
will include hypoxanthine, aminopterin, and thymidine ("HAT 
medium"), which substances prevent the growth of HGPRT -def icient 
cells. 

Preferred immortalized cell lines are those that fuse 
efficiently, support stable high level expression of antibody by 
the selected antibody-producing cells, and . are sensitive to a 
medium such as HAT medium. More preferred immortalized cell lines 
are murine myeloma lines/ which can be obtained, for instance, from 
the Salk Institute Cell Distribution Center, San Diego, California 
and the American Type Culture Collection, Rockville, Maryland. 
Human myeloma and mouse-human heteromyeloma cell lines also have 
been described for the production of human monoclonal antibodies 
[Kozbor, J. Immunol . , 133 : 3001 (1984); Brodeur et al . , Monoclonal 
Antibody Production Techniques and Applications , Marcel Dekker, 
Inc., New York, (1987) pp. 51-63]. 

The culture medium in which the hybridoma cells are 
cultured can then be assayed for the presence of monoclonal 
antibodies directed against Apo-2. Preferably, the binding 
specificity of monoclonal antibodies produced by the hybridoma 
cells is determined by immunoprecipi tat ion or by an in vitro 
binding assay, such as radioimmunoassay (RIA) or enzyme- linked 



immunoabsorbent assay ( ELISA) . Such techniques and assays' ' ar 6 
known in the art. The binding affinity of the monoclonal antibody 
can, for example, be determined by the Scatchard analysis of Munson 
and Pollard, Anal . Biochem. , 107:220 (1980) . 

After the desired hybridoma cells are identified, the 
clones may be subcloned by limiting dilution procedures and grown 
by standard methods [Goding, supra l . Suitable culture media for 
this purpose include, for example, Dulbecco's Modified Eagle's 
Medium and RPMI-1640 medium. Alternatively, the hybridoma cells 
may be grown in vivo as ascites in a mammal . 

The monoclonal antibodies secreted by the subclones may 
be isolated or purified from the culture medium or ascites fluid by 
conventional immunoglobulin purification procedures such as, for 
example, protein A-Sepharose, hydroxylapat i te chromatography, gel 
electrophoresis, dialysis, or affinity chromatography. 

The monoclonal antibodies may also be made by recombinant 
DNA methods, such as those described in U.S. Patent No. 4,816,567. 
DNA encoding the monoclonal antibodies of the invention can be 
readily isolated and sequenced using conventional procedures (e.g. , 
by using oligonucleotide probes that are capable of binding 
specifically to genes encoding the heavy and light chains of murine 
antibodies) . The hybridoma cells of the invention serve as a 
preferred source of such DNA. Once isolated, the DNA may be placed 
into expression vectors, which are then transfected into host cells 
such as simian COS cells, Chinese hamster ovary (CHO) cells, or 
myeloma cells that do not otherwise produce immunoglobulin protein, 
to obtain the synthesis of monoclonal antibodies in the recombinant 
host cells. The DNA also may be modified, for example, by 
substituting the coding sequence for human heavy and light chain 
constant domains in place of the homologous murine sequences [U.S. 
Patent No. 4,816,567; Morrison et al . , supra ] or by covalently 
joining to the immunoglobulin coding sequence all or part of the 
coding sequence for a non- immunoglobulin polypeptide. Such a non- 
immunoglobulin polypeptide can be substituted for the constant 
domains of an antibody of the invention, or can be substituted for 



the variable domains of one antigen-combining site of an antibody 
of the invention to create a chimeric bivalent antibody. 

The antibodies may be monovalent antibodies.- Methods for 
preparing monovalent antibodies are well known in the art. For 
example, one method involves recombinant expression of 
immunoglobulin light chain and modified heavy chain. The heavy 
chain is truncated generally at any point in the Fc region so as to 
prevent heavy chain crosslinking . Alternatively, the relevant 
cysteine residues are substituted with another amino acid residue 
or are deleted so as to prevent crosslinking. 

In vitro methods are also suitable for preparing 
monovalent antibodies. Digestion of antibodies to produce 
fragments thereof, particularly, Fab fragments, can be accomplished 
using routine techniques known in the art. For instance, digestion 
can be performed using papain. Examples of papain digestion are 
described in WO 94/29348 published 12/22/94 and U.S. Patent No. 
4,342,566. Papain digestion of antibodies typically produces two 
identical antigen binding fragments, called Fab fragments, each 
with a single antigen binding site, and a residual Fc fragment. 
Pepsin treatment yields an F(ab') 2 fragment that has two antigen 
combining sites and is still capable of cross-linking antigen. 

The Fab fragments produced in the antibody digestion also 
contain the constant domains of the light chain and the first 
constant domain (CHJ of the heavy chain. Fab' fragments differ 
from Fab fragments by the addition of a few residues at the carboxy 
terminus of the heavy chain CK 1 domain including one or more 
cysteines from the antibody hinge region. Fab' -SH is the 
designation herein for Fab' in which the cysteine residue (s) of the 
constant domains bear a free thiol group. F(ab') 2 antibody 
fragments originally were produced as pairs of Fab' fragments which 
have hinge cysteines between them. Other chemical couplings of 
antibody fragments are also known. 

3 . Humanized Antibodies 

The Apo-2 antibodies of the invention may further 
comprise humanized antibodies or human antibodies. Humanized forms 



of non-human (e.g., murine) antibodies are chimeric' 
immunoglobulins, immunoglobulin chains or fragments thereof (such 
as Fv, Fab, Fab', F(ab') 2 or other antigen-binding subsequences of 
antibodies) which contain minimal sequence derived from non-human 
immunoglobulin. Humanized antibodies include human immunoglobulins 
(recipient antibody) in which residues from a complementary 
determining region (CDR) of the recipient are replaced by residues 
from a CDR of a non-human species (donor antibody) such as mouse, 
rat or rabbit having the desired specificity, affinity and 
capacity. In some instances, Fv framework residues of the human 
immunoglobulin are replaced by corresponding non-human residues. 
Humanized antibodies may also comprise residues which are found 
neither in the recipient antibody nor in the imported CDR or 
framework sequences. In general, the humanized antibody will 
comprise substantially all of at least one, and typically two, 
variable domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human immunoglobulin and all 
or substantially all of the FR regions are those of a human 
immunoglobulin consensus sequence. The humanized antibody 

optimally also will comprise at least a portion of an 
immunoglobulin constant region (Fc) , typically that of a human 
immunoglobulin [Jones et al . , Nature . 322:522-525 (1986); Reichmann 
et al., Nature, 3.32:323-329 (1988); and Presta, Curr . Op. Struct. 
Biol . , 2:593-596 (1992)]. 

Methods for humanizing non-human antibodies are well 
known in the art. Generally, a humanized antibody has one or more 
amino acid residues introduced into it from a source which is non- 
human. These non-human amino acid residues are often referred to 
as "import" residues, which are typically taken from an "import" 
variable domain. Humanization can be essentially performed 
following the method of Winter and co-workers [Jones et al . , 
Nature , 321:522-525 (1986); Riechmann et al . , Nature . 332:323-327 
(1988); Verhoeyen et al . , Science . 239:1534-1536 (1988)], by 
substituting rodent CDRs or CDR sequences for the corresponding 
sequences of a human antibody. Accordingly, such "humanized" 
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antibodies are chimeric antibodies (U.S. Patent No. 4 , 816 , 567$} / ' / 
wherein substantially less than an intact human variable domain has 
been substituted by the corresponding sequence from a non-human 
species. In practice, humanized antibodies are typically human 
antibodies in which some CDR residues and possibly some FR residues 
are substituted by residues from analogous sites in rodent 
antibodies . 

The choice of human variable domains, both light and 
heavy, to be used in making the humanized antibodies is very 
important in order to reduce antigenicity. According to the "best- 
fit" method, the sequence of the variable domain of a rodent 
antibody is screened against the entire library of known human 
variable domain sequences. The human sequence which is closest to 
that of the rodent is then accepted as the human framework (FR) for 
the humanized antibody [Sims et al., J. Immunol . . 151:2296 (1993); 
Chothia and Lesk, J. Mol . Biol., 196:901 (1987)]. Another method 
uses a particular framework derived from the consensus sequence of 
all human antibodies of a particular subgroup of light or heavy 
chains. The same framework may be used for several different 
humanized antibodies [Carter et al . , Proc . Natl . Acad. Scj n.ga 
81:4285 (1992); Presta et al . , J. Immunol . . 151:2623 (1993)]. 

It is further important that antibodies be humanized with 
retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a process of 
analysis of the parental sequences and various conceptual humanized 
products using three dimensional models of the parental and 
humanized sequences. Three dimensional immunoglobulin models are 
commonly available and are familiar to those skilled in the art. 
Computer programs are available which illustrate and display 
probable three-dimensional conformational structures of selected 
candidate immunoglobulin sequences. Inspection of these displays 
permits analysis of the likely role of the residues in the 
functioning of the candidate immunoglobulin sequence, i.e., the 
analysis of residues that influence the ability of the candidate 
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immunoglobulin to bind its antigen. In this way, FR residues' cWn /; 
be selected and combined from the consensus and import sequence so 
that the desired antibody characteristic, such as increased 
affinity for the target antigen(s), is achieved. In general, the 
CDR residues are directly and most substantially involved in 
influencing antigen binding [see, WO 94/04679 published 3 March 
1994] . 

Transgenic animals (e.g., mice) that are capable, upon 
immunization, of producing a full repertoire of human antibodies in 
the absence of endogenous immunoglobulin production can be 
employed. For example, it has been described that the homozygous 
deletion of the antibody heavy chain joining region (J H ) gene in 
chimeric and germ-line mutant mice results in complete inhibition 
of endogenous antibody production. Transfer of the human germ- line 
immunoglobulin gene array in such germ-line mutant mice will result 
in the production of human antibodies upon antigen challenge [see, 
e.g., Jakobovits et al . , Proc . Natl. Acad. Sci . USA . 90:2551-255 
(1993); Jakobovits et al . , Nature . 362:255-258 (1993); Bruggermann 
et a1 -' Year in Immuno. , 7:33 (1993)]. Human antibodies can also 
be produced in phage display libraries [Hoogenboom and Winter, 
Mol. Biol., 227:381 (1991); Marks et al . , J. Mol . Biol. . 222:581 
(1991)] . The techniques of Cote et al . and Boerner et al. are also 
available for the preparation of human monoclonal antibodies (Cote 
et a1 -' Monoclonal Antib odies and Cancer Therapy . Alan R. Liss, p. 
25 77 (1985) and Boerner et al . , J. Immunol , . 147 (1) :86-95 (1991)]. 

4 • Bispecific Antibodies 

Bispecific antibodies are monoclonal, preferably human or 
humanized, antibodies that have binding specificities for at least 
two different antigens. In the present case, one of the binding 
specificities is for the Apo-2, the other one is for any other 
antigen, and preferably for a cell-surface protein or receptor or 
receptor subunit . 

Methods for making bispecific antibodies are known in the 
art. Traditionally, the recombinant production of bispecific 
antibodies is based on the co-expression of two immunoglobulin 
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heavy-chain/light -chain pairs, where the two heavy chains have 
different specificities [Millstein and Cuello, Nature . 105:537-539 
(1983)] . Because of the random assortment of immunoglobulin heavy 
and light chains, these hybridomas (quadromas) produce a potential 
mixture of ten different antibody molecules, of which only one has 
the correct bispecific structure. The purification of the correct 
molecule is usually accomplished by affinity chromatography steps. 
Similar procedures are disclosed in WO 93/08829, published 13 May 
1993, and in Traunecker et al., EMBO J. , 10:3655-3659 (1991). 

According to a different and more preferred approach, 
antibody variable domains with the desired binding specificities 
(antibody-antigen combining sites) are fused to immunoglobulin 
constant domain sequences. The fusion preferably is with an 
immunoglobulin heavy-chain constant domain, comprising at least 
part of the hinge, CH2 , and CH3 regions. It is preferred to have 
the first heavy-chain constant region (CHI) containing the site 
necessary for light-chain binding present in at least one of the 
fusions. DNAs encoding the immunoglobulin heavy-chain fusions and, 
if desired, the immunoglobulin light chain, are inserted into 
separate expression vectors, and are co- transf ected into a suitable 
host organism. This provides for great flexibility in adjusting 
the mutual proportions of the three polypeptide fragments in 
embodiments when unequal ratios of the three polypeptide chains 
used in the construction provide the optimum yields. It is, 
however, possible to insert the coding sequences for two or all 
three polypeptide chains in one expression vector when the 
expression of at least two polypeptide chains in equal ratios 
results in high yields or when the ratios are of no particular 
significance. In a preferred embodiment of this approach, the 
bispecific antibodies are composed of a hybrid immunoglobulin heavy 
chain with a first binding specificity in one arm, and a hybrid 
immunoglobulin heavy-chain/light -chain pair (providing a second 
binding specificity) in the other arm. It was found that this 
asymmetric structure facilitates the separation of the desired 
bispecific compound from unwanted immunoglobulin chain 
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combinations, as the presence of an immunoglobulin light chaln^in 
only one half of the bispecific molecule provides for a facile way 
of separation. This approach is disclosed in WO 94/04690 published 
3 March 1994. For further details of generating bispecific 
antibodies see, for example, Suresh et al . , Methods in Enzvmoloay . 
121 : 210 (1986) . 

5 • Heteroconiuqate Antibodies 

•Heteroconjugate antibodies are also within the scope of 
the present invention. Heteroconjugate antibodies are composed of 
two covalently joined antibodies. Such antibodies have, for 
example, been proposed to target immune system cells to unwanted 
cells [US Patent No. 4,676,980], and for treatment of HIV infection 
[WO 91/00360; WO 92/200373; EP 03089] . It is contemplated that the 
antibodies may be prepared in vitro using known methods in 
synthetic protein chemistry, including those involving crosslinking 
agents. For example, immunotoxins may be constructed using a 
disulfide exchange reaction or by forming a thioether bond. 
Examples of suitable reagents for this purpose include 
iminothiolate and methyl -4 -mercaptobutyrimidate and those 
disclosed, for example, in U.S. Pat. No. 4,676,980. 

D - Therapeutic and N on- therapeutic Uses for Apo-2 Antiborii p.g 
The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be employed 
to activate or stimulate apoptosis in cancer cells. Alternatively, 
25 antagonistic antibodies may be used to block excessive apoptosis 
(for instance in neurodegenerative disease) or to block potential 
autoimmune/inflammatory effects of Apo-2 resulting from NF-kB 
activation. 

Apo-2 antibodies may further be used in diagnostic assays 
30 for Apo-2, e.g., detecting its expression in specific cells, 
tissues, or serum. Various diagnostic assay techniques known in 
the art may be used, such as competitive binding assays, direct or 
indirect sandwich assays and immunoprecipitation assays conducted 
in either heterogeneous or homogeneous phases [Zola, Monoclonal 
35 Antibodies.- A Ma nual of Techniques . CRC. Press, Inc. (1987) pp. 147- 
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158] . The antibodies used in the diagnostic assays can be labeled 
with a detectable moiety. The detectable moiety should be capable 
of producing, either directly or indirectly, a detectable signal. 
For example, the detectable moiety may be a radioisotope, such as 
H, 4 C, 32 P, 3S S, or 125 I, a fluorescent or chemiluminescent compound, 
such as fluorescein isothiocyanate , rhodamine, or luciferin, or an 
enzyme, such as alkaline phosphatase, beta-galactosidase or 
horseradish peroxidase. Any method known in the art for 
conjugating, the antibody to the detectable moiety may be employed, 
including those methods described by Hunter et al . , Nature . 144:945 
(1962); David et al . , Biochemistry . 13.: 1014 (1974); Pain et al., 
J. Immunol. Meth , 40:219 (1981); and Nygren, J. Histochem. ,nH 
Cytochem. . 3.0:407 (1982) . 

Apo-2 antibodies also are useful for the affinity 
purification of Apo-2 from recombinant cell culture or natural 
sources. In this process, the antibodies against Apo-2 are 
immobilized on a suitable support, such a Sephadex resin or filter 
paper., using methods well known in the art. The immobilized 
antibody then is contacted with a sample containing the Apo-2 to be 
purified, and thereafter the support is washed with a suitable 
solvent that will remove substantially all the material in the 
sample except the Apo-2, which is bound to the immobilized 
antibody. Finally, the support is washed with another suitable 
solvent that will release the Apo-2 from the antibody. 
E • Kits Containing Ado- 2 or Apo-2 Antibodies 

In a further embodiment of the invention, there are 
provided articles of manufacture and kits containing Apo-2 or Apo-2 
antibodies which can be used, for instance, for the therapeutic or 
non- therapeutic applications described above. The article of 
manufacture comprises a container with a label. Suitable 
containers include, for example, bottles, vials, and test tubes. 
The containers may be formed from a variety of materials such as 
glass or plastic. The container holds a composition which includes 
an active agent that is effective for therapeutic or non- 
therapeutic applications, such as described above. The active 



agent in the composition is Apo-2 or an Apo-2 antibody. The ' t&bWi/ 
on the container indicates that the composition is used for a 
specific therapy or non- therapeutic application, and may also 
indicate directions for either in vivo or in vitro use, such as 
those described above . 

The kit of the invention will typically comprise the 
container described above and one or more other containers 
comprising materials desirable from a commercial and user 
standpoint, including buffers, diluents, filters, needles, 
syringes, and package inserts with instructions for use. 

***************************** 

The following examples are offered for illustrative 
purposes only, and are not intended to limit the scope of the 
present invention in any way. 

All patent and literature references cited in the present 
specification are hereby incorporated by reference in their 
entirety . 

EXAMPLES 

All restriction enzymes referred to in the examples were 
purchased from New England Biolabs and used according to 
manufacturer's instructions . All other commercially available 
reagents referred to in the examples were used according to 
manufacturer's instructions unless otherwise indicated. The source 
of those cells identified in the following examples, and throughout 
the specification, by ATCC accession numbers is the American Type 
Culture Collection, Rockville, Maryland. 

EXAMPLE 1 

Isolation of cDNA clones Encoding Human Apo-2 
Expressed sequence tag (EST) DNA databases (Incyte 
Pharmaceuticals, ?? do the specific databases have names that we 
must/should identify; Diane to check on what are our obligations 
per our agreement to identify them) were searched and an EST was 
identified which showed homology to the death domain of the Apo-3 



receptor [Marsters et al . , Curr. Biol. . 6:750 (1996)]. Human 
pancreas and kidney lgtlO bacteriophage cDNA libraries (both 
purchased from Clontech) were screened by hybridization with a 
synthetic oligonucleotide probe: 

GGGAGCCGCTCATGAGGAAGTTGGGCCTCATGGACAATGAGATAAAGGTGGCTAAAGCTGAGGCA 
GCGGG 3' (SEQ ID NO: ) based on the EST. 

pRK5 libraries were screened using techniques developed 

for SST project .... .Avi, I've attached to the end of the appl . 

copies of pages from a patent application which was filed a couple 

of months ago on the process developed for the SST project. I'm not 

clear that this is what was used. it would be helpful if you could 

confirm (?with Austin) that this is what was used in connection 

with Apo-2; the info on these techniques is not yet published so I 

will include some of this methodology here in Ex. 1 

The cDNA inserts were excised from the lambda vector arms 
by digestion with Sal! -Not I, gel-purified, and subcloned into pRK5B 
vector that was predigested with Xhol and Notl. The clones (3) 
were then sequenced in entirety. The coding regions of the cDNAs 
were identical except for codon 410 (using the numbering system for 
Fig. l) ; this position encoded a leucine residue (TTG) in both 
pancreatic cDNAs , and a methionine residue (ATG) in the kidney 
cDNA, possibly due to polymorphism. 

The entire nucleotide sequence of Apo-2 is shown in 

Figure 1 (SEQ ID NO: ) . Clone 27868 (also referred to as Apo-2 

clone deposited as ATCC , as indicated below) contains a 

single open reading frame with an apparent translational initiation 
site at nucleotide positions 140-142 and ending at the stop codon 
found at nucleotide positions 1373-1375 (Fig. 1; SEQ ID NO: ) 
[Kozak et al . , supra] . The predicted polypeptide precursor is 411 
amino acids long, a type I transmembrane protein, and has a 
calculated molecular weight of approximately 45 kDa . Hydropathy 
analysis (not shown) suggested the presence of a signal sequence 
(residues 1-48), followed by an extracellular domain (residues 49- 
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182), a transmembrane domain (residues 183-208), and an 
intracellular domain (residues 209-411) (Fig. 2A; SEQ ID NO: ) 

TNF receptor family proteins are typically characterized 
by the presence of multiple (usually four) cysteine - rich domains in 
their extracellular regions -- each cysteine-rich domain being 
approximately 45 amino acids long and containing approximately 6, 
regularly spaced, cysteine residues. Based on the crystal 
structure of the type 1 TNF receptor, the cysteines in each domain 
typically form three disulfide bonds in which usually cysteines 1 
and 2, 3 and 5, and 4 and 6 are paired together. Like DR4 , Apo-2 
contains two extracellular cysteine-rich pseudorepeats (Fig. 2A) , 
whereas other identified mammalian TNFR family members contain 
three or more such domains [Smith et al . , Cell , 76:959 (1994)]. 

The cytoplasmic region of Apo-2 contains a death domain 
(amino acid residues 324-391 shown in Fig. i ; see also Fig. 2A) 
which shows significantly more amino acid seguence identity to the 
death domain of DR4 (64%) than to the death domain of TNFR1 (30%); 
CD95 (19%); or Apo-3/DR3 (29%) (Fig. 2B) . Four out of six death 
domain amino acids that are required for signaling by TNFRl 
[Tartaglia et al . , supra l are conserved in Apo-2 while the other 
two residues are semi -conserved (see Fig. 2B) . 

Based on an alignment analysis (using the ALIGN™ computer 
program) of the full-length sequence, Apo-2 shows more sequence 
identity to DR4 (55%) than to other apoptosis - linked receptors, 
25 such as TNFRl (19%) ; CD95 (17%) ; or Apo-3 (also referred to as DR3 , 
WSL-1 or TRAMP) (29%) . 

EXAMPLE 2 
A. Expression of Apo-2 ECD 
30 A soluble extracellular domain (ECD) fusion construct was 

prepared. The Apo-2 ECD (amino acid residues 1-184 shown in Figure 
1) was obtained by PCR and fused to a C-terminal Flag epitope tag 
(Sigma) . The Flag epitope- tagged molecule was then inserted into 
pRK5, and expressed by transient transfection into human 293 cells 
3 5 ( ATCC CRL 1573). ' ' ^ ; f\ r« 
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After a 48 hour incubation, the cell supernatants were 
collected and either used directly for co-precipitation studies 
(see Example 3) or subjected to purification of the Apo-2 ECD - Flag 
by affinity chromatography on anti-Flag agarose beads, according to 
5 manufacturer's instructions (Sigma). 

B - Expression of Apo-2 ECD as an Immunoadhesin 
A soluble Apo-2 ECD immunoadhesin construct was prepared. 
The Apo-2 ECD (amino acids 1-184 shown in Fig. l) was fused to the 
10 hinge and Fc region of human immunoglobulin G l heavy chain in pRK5 
as described previously [Ashkenazi et al . , Proc. Natl. Acad. Sri 
8,8:10535-10539 (1991)]. The immunoadhesin was expressed by 
transient transfection into human 293 cells and purified from cell 
supernatants by protein A affinity chromatography, as described by 
15 Ashkenazi et al . , supra . 

EXAMPLE 3 

Immunoprecipitation Assay Showing Binding Interaction 
Between Apo-2 and Apo-2 Ligand 

20 To determine whether Apo-2 and Apo-2L interact or 

associate with each other, supernatants from mock- transf ected 293 
cells or from 293 cells transfected with Apo-2 ECD- Flag (described 
in Example 2 above) (5 ml) were incubated with 5 fig poly-histidine- 
tagged soluble Apo-2L [Pitti et al . , supra 1 for 30 minutes at room 
25 temperature and then analyzed for complex formation by a co- 
precipitation assay. 

The samples were subjected to immunoprecipitation using 
25 fil anti-Flag conjugated agarose beads (Sigma) or Nickel- 
conjugated agarose beads (Qiagen) . After a 1.5 hour incubation at 
30 4 C, the beads were spun down and washed four times in phosphate 
buffered saline (PBS) . Apo-2L was precipitated through the Flag- 
tagged Apo-2 ECD; by using Nickel -agarose , the Apo-2 ECD 
precipitated through the His- tagged Apo-2L. The precipitated 
proteins were released by boiling the beads for 5 minutes in SDS- 
35 PAGE buffer, resolved by electrophoresis on 12% polyacrylamide 
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gels, and then detected by immunoblot with anti-Apo-2L or anti-Flag 
antibody (2 /zg/ml) as described in Marsters et al . , J. Biol. Ch^m 
in press (1997) . 

The results, shown in Figure 2A, indicate that the Apo-2 
5 ECD and Apo-2L can associate with each other. 

The binding interaction was further analyzed by purifying 
Apo-2 ECD from the transfected 293 cell supernatants with anti-Flag 
beads (see Example 2) and then analyzing the samples on a BIACORE™ 
instrument. The BIACORE™ analysis indicated a dissociation 
10 constant (K d ) of about 1 nM . BIACORE™ analysis also showed that 
the Apo-2 ECD is not capable of binding other apoptosis - inducing 
TNF family members, namely, TNF-alpha (Genentech, Inc., Pennica et 
al., Nature , 312:712 (1984), lymphotoxin-alpha (Genentech, Inc.), 
or Fas/Apo-l ligand (Alexis Biochemicals) . The data thus shows 
15 that Apo-2 is a specific receptor for Apo-2L. 

EXAMPLE 4 
Induction of Apoptosis by Apo-2 
Because death domains can function as oligomerization 
interfaces, over-expression of receptors that contain death domains 
may lead to activation of signaling in the absence of ligand 
[Frazer et al . , supra, Nagata et al . , supra] . To determine whether 
Apo-2 was capable of inducing cell death, human 293 cells or HeLa 
cells (ATCC CCL 2.2) were transiently transfected by calcium 
phosphate precipitation (293 cells) or electroporation (HeLa cells) 
with a P RK5 vector or pRK5 -based plasmids encoding Apo-2 and/or 
CrmA. When applicable, the total amount of plasmid DNA was 
adjusted by adding vector DNA. Apoptosis was assessed 24 hours 
after transfection by morphology (Fig. 4A) ; DNA fragmentation (Fig. 
4B) ; or by FACS analysis of phosphatydilserine exposure (Fig. 4C) 
as described in Marsters et al . , Curr. Biol. . 6:1669 (1996). As 
shown in Figs. 4A and 4B, the Apo-2 transfected 293 cells underwent 
marked apoptosis. 

For samples assayed by FACS, the HeLa cells were co- 
35 transfected with pRK5-CD4 as a marker for transfection and 
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apoptosis was determined in CD4 -expressing cells; FADD was~co 
transfected with the Apo-2 plasmid; the data are means + SEM of at 
least three experiments, as described in Marsters et al . , Curr 
BiQl - ' 6:1669 (1996). The caspase inhibitors, DEVD-fmk (Enzyme 
Systems) or z-VAD-fmk (Research Biochemicals Intl.) were added at 
200 ptM at the time of transf ection . As shown in Fig. 4C, the 
caspase inhibitors CrmA, DEVD-fmk, and z-VAD-fmk blocked apoptosis 
induction by Apo-2, indicating the involvement of Ced-3-like 
proteases in this response. 

FADD is an adaptor protein that mediates apoptosis 
activation by CD95, TNFR1 , and Apo-3/DR3 [Nagata et al., supra], 
but does not appear necessary for apoptosis induction by Apo-2L 
[Marsters et al . , supra ] or by DR4 [Pan et al., supra]. a 
dominant -negative mutant form of FADD, which blocks apoptosis 
induction by CD95, TNFR1 , or Apo-3/DR3 [Frazer et al . , supra .- 
Nagata et al . , supra; Chinnayian et al . , supra ] did not inhibit 
apoptosis induction by Apo-2 when co- transf ected into HeLa cells 
with Apo-2 (Fig. 4C) . These results suggest that Apo-2 signals 
apoptosis independently of FADD. Consistent with this conclusion, 
a glutathione-S-transferase fusion protein containing the Apo-2 
cytoplasmic region did not bind to in vitro transcribed and 
translated FADD (data not shown) . 




EXAMPLE 5 

Inhibition o f Apo-2L Activity by Soluble Apo-2 ECD 
Soluble Apo-2L (0.5 fig /ml, prepared as described in Pitti 
et al., supra ) was pre- incubated for 1 hour at room temperature 
with PBS buffer or affinity-purified Apo-2 ECD (5 ng/ml) together 
with anti-Flag antibody (Sigma) (l fxg/ml) and added to HeLa cells. 
After a 5 hour incubation, the cells were analyzed for apoptosis by 
FACS (as above) (Fig. 4D) . 

Apo-2L induced marked apoptosis in HeLa cells, and the 
soluble Apo-2 ECD was capable of blocking Apo-2L action (Fig. 4D) , 
confirming a specific interaction between Apo-2L and Apo-2. 
Similar results were obtained with the Apo-2 to , immunoadhesin 



(Fig. 4D) . Dose-response analysis showed half -maximal inhibition 
at approximately 0.3 nM (Fig. 4E) . 
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EXAMPLE 6 

Activation of NF-xB by Apo-2 

An assay was conducted to determine whether Apo-2 
activates NF-kB. 

HeLa cells were transfected with pRK5 expression plasmids 
encoding full-length native sequence Apo-2, DR4 or Apo-3 and 
harvested 24 hours after transf ection . Nuclear extracts were 
prepared and 1 fig of nuclear protein was reacted with a 32 P - label led 
NF-KB-specif ic synthetic oligonucleotide probe 

ATCAGGGACTTTCCGCTGGGGACTTTCCG (SEQ ID NO: ) [see, also, MacKay 

15 etal., J . Immunol . , 153:5274-5284 ( 1 994 )], alone or together with 
a 50-fold excess of unlabelled probe, or with an irrelevant 32 P- 
labelled synthetic oligonucleotide 

AGGATGGGAAGTGTGTGATATATCCTTGAT (SEQ ID NO:__) . In some samples, 
antibody to P 65/RelA subunits of NF-kB (1 /xg/ml; Santa Cruz 
20 Biotechnology) was added. DNA binding was analyzed by an 
electrophoretic mobility shift assay as described by Hsu et al . , 
supra; Marsters et al . , supra , and MacKay et al., supra . 

The results are shown in Fig. 5. As shown in Fig. 5A, 
upon transf ection into HeLa cells, both Apo-2 and DR4 induced 
25 significant NF- kB activation as measured by the electrophoretic 
mobility shift assay; the level of activation was comparable to 
•activation observed for Apo-3/DR3. Antibody to the p65/RelA 
subunit of NF-kB inhibited the mobility of the NF-kB probe, 
implicating p65 in the response to all 3 receptors. 

An assay was also conducted to determine if Apo-2L itself 
can regulate NF-kB activity. HeLa cells or MCF7 cells (human 
breast adenocarcinoma cell line, ATCC HTB 22) were treated with PBS 
buffer, soluble Apo-2L (Pitti et al . , supra ) or TNF-alpha 
(Genentech, Inc., see Pennica et al . , Nature . 312:721 (1984)) (1 
35 /xg/ml) and assayed for NF-kB activity as above. The results are 

" 64 " . • .'>•//! 

• it! U 



30 




shown in Fig. 5B. The Apo-2L induced a significant NF-kB 
activation in the treated HeLa cells but not in the treated MCF7 
cells; the TNF-alpha induced a more pronounced activation in both 
cell lines. Several studies have disclosed that NF-kB activation 
5 by TNF can protect cells against TNF-induced apoptosis [Nagata, 
supra 1 . 

The effects of a NF-kB inhibitor, ALLN (N-acetyl -Leu-Leu- 
norleucinal) and a transcription inhibitor, cyclohexamide , were 
also tested. The HeLa cells (placed in 6-well dishes) were 

10 preincubated with PBS buffer, ALLN (Calbiochem) (40 jxg/ml) or 
cyclohexamide (Sigma) (50 fig/ml) for 1 hour before addition of Apo- 
2L (1 fig/ml) . After a 5 hour incubation, apoptosis was analyzed by 
FACS (see Fig. 5C) . 

The results are shown in Fig. 5C. Both ALLN and 

15 cyclohexamide increased the level of Apo-2L- induced apoptosis in 
the HeLa cells. The data indicates that Apo-2L can induce 
protective NF- kB -dependent genes. The data also indicates that 
Apo-2L is capable of activating NF-kB in certain cell lines and 
that both Apo-2 and DR4 may mediate that function. 
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EXAMPLE 7 
Northern Blot Analysis 
Expression of Apo-2 mRNA in human tissues was examined by 
Northern blot analysis. Human RNA blots were hybridized to a 4.6 

25 kilobase 32 P-labelled DNA probe based on the full length Apo-2 cDNA; 

the probe was generated by digesting the pRK5-Apo-2 plasmid with 
EcoRI. Human fetal RNA blot MTN (Clontech) and human adult RNA 
blot MTN- I I (Clontech) were incubated with the DNA probes. Blots 
were incubated with the probes in hybridization buffer (5X SSPE; 2X 

30 Denhardt's solution; 100 mg/mL denatured sheared salmon sperm DNA; 

50% formamide,- 2% SDS) for 60 hours at 42°C. The blots were washed 
several times in 2X SSC; 0.05% SDS for 1 hour at room temperature, 
followed by a 30 minute wash in 0 . IX SSC; 0.1% SDS at 50°C. The 
blots were developed after overnight exposure. 

35 As shown in Fig. 6, a predominant mRNA transcript of 

-65- nn -*' n nrm?, 



approximately 4 . 6kb was detected in multiple tissues. Expression 
was relatively high in fetal and adult liver and lung, and in adult 
ovary and peripheral blood leukocytes (PBL) , while no mRNA 
expression was detected in fetal and adult brain. Intermediate 
levels of expression were seen in adult colon, small intestine, 
testis, prostate, thymus, pancreas, lidney, skeletal muscle, 
placenta, and heart.- -Several adult tissues that express Apo-2, 
e.g., PBL, ovary, and spleen, have been shown previously to express 
DR4 [Pan et al . , supra] , however, the relative levels of expression 
of each receptor mRNA appear to be different. 



EXAMPLE 8 

Chromoso mal Localization of the Apo-2 gene 
Chromosomal localization of the human Apo-2 gene was 
examined by radiation hybrid (RH) panel analysis. RH mapping was 
performed by PCR using a human-mouse cell radiation hybrid panel 
(Research Genetics) and primers based on the coding region of the 
Apo-2 cDNA [Gelb et al . , Hum. Genet. . 98:141 (1996)]. Analysis of 
the PCR data using the Stanford Human Genome Center Database 
indicates that Apo-2 is linked to the marker DSS481, with an LOD of 
11.05; D8S481 is linked in turn to D8S2055, which maps to human 
chromosome 8p21.2. 

To Applicants present knowledge, to date, no other member 
of the TNFR gene family has been located to chromosome 8. 
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Deposit of Material 

The following materials have been deposited with the 
American Type Culture Collection, 12301 Parklawn Drive, Rockville, 
MD, USA (ATCC) : 

Material ATCC Dep. No. Deposit Date 
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15 



20 



25 



30 



35 



This deposit was made under the provisions of the 
Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purpose of Patent Procedure and the 
Regulations thereunder (Budapest Treaty) . This assures maintenance 
of a viable culture of the deposit for 30 years from the date of 
deposit. The deposit will be made available by ATCC under the 
terms of the Budapest Treaty, and subject to an agreement between 
Genentech, Inc. and ATCC, which assures permanent and unrestricted 
availability of the progeny of the culture of the deposit to the 
public upon issuance of the pertinent U.S. patent or upon laying 
open to the public of any U.S. or foreign patent application, 
whichever comes first, and assures availability of the progeny to 
one determined by the U.S. Commissioner of Patents and Trademarks 
to be entitled thereto according to 35 USC §122 and the 
Commissioner's rules pursuant thereto (including 37 CFR §1.14 with 
particular reference to 886 OG 638) . 

The assignee of the present application has agreed that 
if a culture of the materials on deposit should die or be lost or 
destroyed when cultivated under suitable conditions, the materials 
will be promptly replaced on notification with another of the same. 
Availability of the deposited material is not to be construed as a 
license to practice the invention in contravention of the rights 
granted under the authority of any government in accordance with 
its patent laws. 

The foregoing written specification is considered to be 
sufficient to enable one skilled in the art to practice the 
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invention. The present invention is not to be limited in scope by 
the construct deposited, since the deposited embodiment is intended 
as a single illustration of certain aspects of the invention and 
any constructs that are functionally equivalent are within the 
scope of this invention. The deposit of material herein does not 
constitute an admission that the written description herein 
contained is inadequate to enable the practice of any aspect of the 
invention, including the best mode thereof, nor is it to be 
construed as limiting the scope of the claims to the specific 
illustrations that it represents. Indeed, various modifications of 
the invention in addition to those shown and described herein will 
become apparent to those skilled in the art from the foregoing 
description and fall within the scope of the appended claims. 
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The cytokine Apo-2 ligand (Apo-2L/TRAIL) belongs to the tumor necrosis 
factor family and activates apoptosis in tumor cells. Recently, a receptor 
for Apo-2L called DR4 was identified. Here we describe a second receptor 
for Apo-2L, called Apo-2. The Apo-2 protein is 55 % identical to DR4. 
Apo-2 mRNA is expressed in multiple human tissues, some of which also 
express DR4. The soluble extracellular domain of Apo-2 binds Apo-2L, 
and inhibits Apo-2L function. Like DR4, Apo-2 contains a cytoplasmic 
"death domain", and activates FADD-independent, caspase-dependent 
apoptosis. Both Apo-2 and DR4 also activate nuclear factor-KB. Hence, 
Apo-2L can signal similar cellular responses via two distinct receptors. 

Apoptosis (programmed cell death) plays a critical role in development and homeostasis of 
metazoans (1). The cell death program has three essential types of elements: activators, 
inhibitors, and effectors; in C. elegans, these components are encoded respectively by the 
Ced-4, Ced-9, and Ced-3 genes. Metazoan cells contain a latent apoptotic program, which 
can be activated by specific cues from inside or outside the cell. Fas/Apo-1 ligand 
(CD95L) and tumor necrosis factor (TNF) are important extracellular activators of 
apoptosis in the mammalian immune system; their cognate receptors, CD95 and TNFR1, 
contain cytoplasmic death domains (2, 3). The death domains of TNFR1 and CD95 
activate the cell's apoptotic machinery through interaction with the death domains of the 
adaptor proteins FADD (also called MORT1) (4, 5) and TRADD (6, 7). Upon activation 
by ligand, CD95 recruits FADD directly, while TNFRl binds FADD indirectly, via 
TRADD. FADD in turn activates the Ced-3 -related protease MACHa/FLICE (caspase 8), 
thereby initiating a series of caspase-dependent events that lead to cell death (8, 9). 

The cytokine Apo-2L (10) (also called TRAIL) (1 1) is structurally related to CD95L 
and TNF; Apo-2L activates rapid apoptosis in tumor cell lines, acting independently of 
CD95 and TNFRl (10). Recently, a receptor for Apo-2L designated DR4 was described 
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(12). DR4 belongs to the TNFR gene family, contains a cytoplasmic death domain, and 
activates apoptosis. The extracellular domain (ECD) of DR4, expressed as a soluble 
immunoglobulin-fusion protein (immunoadhesin), binds to Apo-2L and blocks Apo-2L- 
induced cell death, indicating that DR4 is a specific receptor for Apo-2L (12). 

By searching expressed sequence tag (EST) DNA databases, we identified an EST 
that showed homology to death domains. Based on this EST, we isolated cDNAs from 
human pancreas and kidney encoding an undescribed member of the TNFR family (Fig. 
1). We named this protein Apo-2 (see below). The predicted Apo-2 precursor is a 41 1 
amino acid type I transmembrane protein, with a calculated molecular weight of -45 kDa. 
Overall, Apo-2 shows more sequence identity to DR4 (55 %) than to other apoptosis-linked 
receptors, namely, Apo-3 (also called DR3, WSL-1, or TRAMP) (13-16) (29 %), TNFR1 
(19 %), or GD95 (17 %). Like DR4, Apo-2 contains only two extracellular cysteine-rich 
pseudo-repeats (Fig. 1A), whereas other mammalian TNFR family members contain three 
or more such domains (17). The cytoplasmic region of Apo-2 contains a death domain 
which shows significandy more identity to the death domain of DR4 (64 %) than to the 
death domain of Apo-3/DR3 (29 %), TNFR1 (30 %), or CD95 (19 %) . Notably, four out 
of six death domain amino acids that are required for signaling by TNFR1 (18) are 
conserved in Apo-2, while the other two are semiconserved (Fig. IB). 

To determine the pattern of Apo-2 mRNA expression, we analyzed a panel of 
human tissues by Northern hybridization (Fig. 1C). We detected a single Apo-2 mRNA 
transcript of -4.6 kb in multiple tissues. Expression was relatively high in fetal and adult 
liver and lung, and in adult ovary and peripheral blood leukocytes (PBL), while no mRNA 
expression was detected in fetal and adult brain. Several adult tissues that express Apo-2 
(e.g., PBL, ovary, and spleen) have been shown to express DR4 (12). 

We investigated the chromosomal location of the human Apo-2 gene by radiation 
hybrid analysis (not shown). Apo-2 mapped to chromosome 8p21.2 (19, 20). To date, no 
other member of the TNFR gene family has been mapped to chromosome 8 (21). 
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The relatively high sequence homology between Apo-2 and DR4 suggested that the 
two receptors may interact with a common ligand. To test this notion, we expressed the 
Apo-2 ECD as a soluble, Flag-epitope-tagged protein in human 293 cells. We incubated 
the ECD with poly-histidine-tagged soluble Apo-2L (10), and analyzed complex formation 
by a co-precipitation assay (Fig. 2). By using anti-Flag antibody-agarose, we were able to 
precipitate Apo-2L through the Hag-tagged Apo-2 ECD; similarly, by using nickel- 
agarose, we were able to precipitate the Apo-2 ECD through the His-tagged Apo-2L. 
These results indicate that the Apo-2 ECD and Apo-2L can associate. BIACORE analysis 
of the binding interaction indicated a dissociation constant (Kd) of ~ 1 nM; furthermore, 
this analysis showed that the Apo-2 ECD does not bind to other cytotoxic TNF family 
members, namely, TNF, lymphotoxin-a (LT-a), or CD95L (data not shown). Hence, 
Apo-2 is a specific receptor for Apo-2L. 

Because death domains function as oligomerization interfaces, overexpression of 
receptors that contain such domains leads to activation of signaling in the absence of ligand 
(2, 3). To investigate whether Apo-2 is capable of inducing cell death, we transfected 
human 293 or HeLa cells transiently by an Apo-2 expression plasmid, and assessed the 
level of apoptosis after 24 hours. Apo-2-transfected cells underwent marked apoptosis, as 
indicated by morphological changes, internucleosomal DNA fragmentation, and exposure 
of phosphatidylserine on the cell surface (Fig. 3 A-C). The caspase inhibitors CrmA, 
DEVD-fmk, and z-VAD-fmk blocked apoptosis activation by Apo-2, indicating the 
involvment of Ced-3 -like proteases in this response. Consistent with previous work (22), 
Apo-2L induced marked apoptosis in HeLa cells. The activity of Apo-2L was blocked by 
the soluble Apo-2 ECD, as well as by immunoadhesins based on the Apo-2 ECD or the 
DR4 ECD, but not the ECD of TNFR1 (Fig. 3 D). Titration of the Apo-2 immunoadhesin 
showed half-maximal inhibition of Apo-2L activity at concentration of -0.3 nM (Fig. 3E), 
confirming a specific, high affinity interaction between Apo-2L and Apo-2. 



4 



The adaptor protein FADD mediates apoptosis activation by CD95, TNFR1, and 
Apo-3/DR3 (3). Deletion of the N-terminal 80 amino acids of FADD creates a dominant- 
negative mutant (FADD-DN) that blocks apoptosis induction by CD95, TNFR1, or Apo- 
3/DR3 (7, 14, 23), but not by Apo-2L (22) or DR4 (12). FADD-DN did not inhibit 
apoptosis induction by Apo-2 (Fig. 3C), indicating that Apo-2 signals apoptosis 
independently of FADD. Consistent with this conclusion, a glutathione-S-transferase 
fusion protein containing the Apo-2 cytoplasmic region did not bind to in vitro transcribed 
and translated FADD (data not shown). 

In addition to inducing apoptosis, TNFR1, CD95, and Apo-3/DR3 activate the 
transcription factor NF-kB (13-16, 18, 24), which controls the expression of multiple 
immunomodulatory genes (25). Previous work suggested that DR4 is not linked to NF- 
kB, because transfection of DR4 in MCF7 ceUs did not lead to NF-kB activation (12). 
However, upon transfection into HeLa cells, both Apo-2 and DR4 induced significant NF- 
kB activation as measured by electrophoretic mobility shift assay (Fig. 4A); the level of 
activation was comparable to activation by Apo-3/DR3. Antibody to the p65/RelA subunit 
of NF-kB inhibited the mobility of the NF-kB probe, implicating p65 in the response to all 
three receptors. We tested also whether Apo-2L itself regulates NF-kB activity (Fig. 4B). 
Apo-2L induced a detectable NF-kB activation in HeLa cells, but not in MCF7 cells; TNF 
induced a more pronounced activation in both cell lines (Fig. 4B). Several studies have 
shown that NF-kB activation by TNF protects cells against TNF-induced apoptosis (3). 
The NF-kB inhibitor ALLN (N-acetyl-Leu-Leu-norleucinal) and the transcription inhibitor 
cyclohexamide each increased the level of Apo-2L-induced apoptosis in HeLa cells (Fig. 
4C), suggesting that Apo-2L is capable of inducing expression of anti-apoptotic genes 
through NF-kB. These data indicate that Apo-2L activates NF-kB in a cell type dependent 
manner, and that both Apo-2 and DR4 can mediate this function. Dose-response analysis 
in several cell types showed that TNF activates NF-kB at 100-1000 fold lower 
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concentrations than Apo-2L (S.A.M. and A.A., unpublished data), suggesting TNF and 
Apo-2L may activate this transcription factor through different mechanisms. 

The TNF ligand family contains about a dozen members; each is believed to interact 
with a single receptor, except TNF and LT-cc (21). TNF and LT-a both interact with the 
same two receptors, TNFR1 and TNFR2. The identification of Apo-2 demonstrates that 
Apo-2L is another TNF family member that interacts with more than one receptor. Unlike 
TNFR1 and TNFR2, which are unrelated in their cytoplasmic region, DR4 and Apo-2 both 
have cytoplasmic death domains. Moreover, while TNFR1 and TNFR2 differ in their 
signaling functions, DR4 and Apo-2 appear to be similar in function, because they both 
regulate apoptosis as well as NF-kB. DR4 and Apo-2 share relatively high death domain 
sequence homology; further, death signaling by these receptors is independent of FADD 
but dependent on caspases. Thus, DR4 and Apo-2 may use common signaling elements 
that differ from those used by TNFR1, CD95 and Apo-3/DR3 to activate the cell's 
apoptotic machinery. 

It is intriguing that Apo-2L uses two distinct receptors to stimulate a similar set of 
cellular responses. The physiological function of Apo-2L is unknown, although there is 
evidence that Apo-2L may play a role in early elimination of peripheral blood T cells after 
stimulation by interleukin-2 (22). The Apo-2L mRNA is expressed in multiple human 
tissues (10, 1 1), as are the mRNAs of Apo-2 and DR4 (12). While Apo-2L is cytotoxic 
to a broad spectrum of tumor cell lines, it is unlikely that the tissues that express Apo-2 
and/or DR4 are constitutively sensitive to Apo-2L-induced apoptosis. Consistent with this 
latter notion, Apo-2L does not induce any obvious toxicity after injection into mice, nor 
does it induce apoptosis in primary umbilical vein endothelial cells (J.P.S. and A. A., 
unpublished results). Hence, cellular sensitivity to induction of cell death by Apo-2L 
probably is regulated by additional mechanisms besides control of Apo-2 and DR4 
expression. These mechanisms may include release of soluble receptors, NF-kB- 
dependent expression of protective genes, or downregulation of components in the Apo-2L 
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death signaling pathway. The broad sensitivity of tumor cell lines to Apo-2L-induced cell 
death suggests that neoplastic transformation perhaps sensitizes cells to the apoptotic effect 
of this cytokine. 
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Figure Legends 

Fig. 1. Primary structure and mRNA expression of Apo-2. (A) Deduced amino acid 
sequence of human Apo-2. The nucleotide sequence is available through Genbank 
accession number #. The predicted signal peptide (underlined), transmembrane domain 
(boxed), and death domain (dashed underline) are shown. The cysteines of the two 
cysteine-rich domains are individually underlined. By screening human cDNA libraries 
(Clontech) with a hybridization probe based on a death-domain-related EST, we isolated 
three cDNA clones encoding Apo-2: two from pancreas and one from kidney. The 
overlapping coding region of the cDNAs was identical except for codon 410; this position 
encodes a leucine (TTG) in both pancreatic cDNAs, and a methionine (ATG) in the kidney 
cDNA. The signal peptide cleavage site was determined by N-terminal amino acid 
sequence analysis of the soluble Apo-2 ECD expressed in 293 cells. Abbreviations for the 
amino acids are as follows: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, He; 
K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gin; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; 
Y, Tyr. (B) Comparison of the death domain sequences of human Apo-2, DR4, Apo- 
3/DR3, TNFR1, and Fas/Apol (CD95). Asterisks indicate residues that are essential for 
death signaling by TNFR1 (18). (C) Expression of Apo-2 mRNA in fetal and adult 
human tissues was analyzed by Northern hybridization of tissue poly A RNA blots 
(Clontech) with a probe based on the full-length Apo-2 cDNA. PBL, peripheral blood 
leukocytes; sm. intest., small intestine; sk. muscle, skeletal muscle. 

Fig. 2 Interaction of the Apo-2 ECD with Apo-2L. The Apo-2 ECD (amino acids 1-184) 
was fused to a C-terminal Hag epitope tag (Sigma), inserted into pRK5, and expressed by 
transient transfection in 293 cells. Supernatants from mock-transfected cells or from ceUs 
transfected by Apo-2ECD-Flag (5 ml) were incubated with 5 jig soluble, poly-His-tagged 
Apo-2L (10) for 30 min at 24°C and subjected to immunoprecipitation (IP) with anti-Flag- 
conjugated (Sigma) or Nickel-conjugated (Qiagen) agarose beads. The precipitated 
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proteins were resolved by electrophoresis on 12 % polyacrylamide gels, and detected by 
Western blot (WB) with anti-Apo-2L or anti-Flag antibody as described (26). 



Fig. 3 Induction of apoptosis by Apo-2 and inhibition of Apo-2L activity by soluble Apo- 
2 ECD. Human 293 cells (A, B) or HeLa cells (C) were transiently transfected by 
pRK5-based plasmids encoding Apo-2, CrmA, and/or FADD residues 80-205 (FADD- 
DN) as indicated. Apoptosis was assessed 24 hours after transfection by morphology (A), 
by DNA fragmentation (B), or by FACS analysis of phosphatidylserme exposure (C), as 
described (13). Transfections were done by calcium phosphate precipitation for 293 cells 
and by electroporation for HeLa cells; 8 ^ig of each plasmid was added per transfection, 
and where applicaple, the total amount of plasmid DNA was equalized with vector DNA. 
In (C), cells were co-transfected in addition with pRK5-CD4 (4 jug) as a marker for 
transfection and apoptosis was determined in CD4-expressing cells. The caspase inhibitors 
DEVD-fmk (Enzyme Systems) or z-VAD-fmk (Rerearch Biochemicals International) were 
added at 200 uM at the time of transfection. (D, E) Apo-2L (0.5 jig/ml) was preincubated 
for 1 hr at 240C with buffer, or with affmity-purified Flag-tagged Apo-2 ECD (5 (jg/ml) 
together with anti-Flag antibody (1 jig/ml), or with each indicated receptor immunoadhesin 
(20 jig/ml or a range of doses in panel E), and added to HeLa cells. After a 5 hr 
incubation, the cells were analyzed for apoptosis by FACS as above. Immunoadhesins 
were generated by fusing each receptor ECD to the hinge and Fc regions of human IgGl as 
described (27). The data in panel C and D are means ± SEM of at least 3 experiments. 

Fig. 4 Activation of NF-kB by Apo-2, DR4, and Apo-2L. (A) HeLa cells were 
transfected with expression plasmids encoding the indicated proteins. Nuclear extracts 
were prepared 24 hr later and analyzed by NF-KB-specific electrophoretic mobility shift 
assay as described (26). Extracts were incubated with 32p_i a belled NF-KB-specific 
oligonucleotide probe alone, or together with 50-fold excess of unlabeled probe, or in the 
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presence of anti-p65/RelA antibody (Santa Cruz Biotechnology) as indicated. (B) HeLa or 
MCF7 cells were treated with buffer, Apo-2L, or TNF (lfig/ml) and assayed for NF-kB 
activity as above. (C) HeLa cells were preincubated with vehicle, ALLN (Calbiochem) 
(40 p.g/ml), or cyclohexamide (sigma) (50 jig/ ml) for 1 hr before addition of Apo-2L (0.25 
u.g/ml). Five hr later, apoptosis was analyzed by FACS as in Fig. 3C. Data are means± 
SEM of triplicates. 
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Apo-2 Receptor 

FIELD OF THE INVENTION 
The present invention relates generally to the 
identification, isolation, and recombinant production of novel 
polypeptides, designated herein as "Apo-2" . 

BACKGROUND OF THE INVENTION 
Apoptosis or "Programmed Cell Death" 
Control of cell numbers in mammals is believed to be 
determined, in part, by a balance between cell proliferation and 
cell death. One form of cell death, sometimes referred to as 
necrotic cell death, is typically characterized as a pathologic 
form of cell death resulting from some trauma or cellular injury. 
In contrast, there is another, "physiologic" form of cell death 
which usually proceeds in an orderly or controlled manner. This 
orderly or controlled form of cell death is often referred to as 
"apoptosis" [see, e.g., Barr et al . , Bio/Technoloay . 12:487-493 
(1994); Steller et al . , Science . 267:1445-1449 (1995)]. Apoptotic 
cell death naturally occurs in many physiological processes, 
including embryonic development and clonal selection in the immune 
system [Itoh et al . , Cell , 66:233-243 (1991)] . Decreased levels of 
apoptotic cell death have been associated with a variety of 
pathological conditions, including cancer, lupus, and herpes virus 
infection [Thompson, Science . 267:1456-1462 (1995)]. Increased 
levels of apoptotic cell death may be associated with a variety of 
other pathological conditions, including AIDS, Alzheimer's disease, 
Parkinson's disease, amyotrophic lateral sclerosis, multiple 
sclerosis, retinitis pigmentosa, cerebellar degeneration, aplastic 
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anemia, myocardial infarction, stroke, reperfusion injury, and 
toxin-induced liver disease [see, Thompson, supra] . 

Apoptotic cell death is typically accompanied by one or 
more characteristic morphological and biochemical changes in cells, 
such as condensation of cytoplasm, loss of plasma membrane 
microvilli, segmentation of the nucleus, degradation of chromosomal 
DNA or loss of mitochondrial function. A variety of extrinsic and 
intrinsic signals are believed to trigger or induce such 
morphological and biochemical cellular changes [Raff, Nature, 
356:397-400 (1992); Steller, supra ; Sachs et al . , Blood . 82:15 
(1993)] . For instance, they can be triggered by hormonal stimuli, 
such as glucocorticoid hormones for immature thymocytes, as well as 
withdrawal of certain growth factors [Watanabe-Fukunaga et al . , 
Nature, 156:314-317 (1992)]. Also, some identified oncogenes such 
as myc, rel , and E1A, and tumor suppressors, like p53 , have been 
reported to have a role in inducing apoptosis. Certain 
chemotherapy drugs and some forms of radiation have likewise been 
observed to have apoptosis -inducing activity [Thompson, supra] . 

TNF Family of Cytokines 
Various molecules, such as tumor necrosis factor-a ( "TNF- 
a"), tumor necrosis factor-/3 ("TNF-/3" or " lymphotoxin" ) , CD30 
ligand, CD27 ligand, CD40 ligand, OX-40 ligand, 4-1BB ligand, Apo-1 
ligand (also referred to as Fas ligand or CD95 ligand) , and Apo-2 
ligand (also referred to as TRAIL) have been identified as members 
of the tumor necrosis factor ("TNF") family of cytokines [See, 
e.g., Gruss and Dower, Blood . 85:3378-3404 (1995); Wiley et al . , 
Immunity , 3:673-682 (1995); Pitti et al . , J. Biol. Chem 
221:12687-12690 (1996)]. Among these molecules, TNF - a , TNF-/3, CD30 
ligand, 4 -IBB ligand, Apo-1 ligand, and Apo-2 ligand (TRAIL) have 
been reported to be involved in apoptotic cell death. Both TNF -a 
and TNF-/3 have been reported to induce apoptotic death in 
susceptible tumor cells [Schmid et al . , Proc . Natl. Acad. Scd . . 
83:1881 (1986); Dealtry et al . , Eur. J. Immunol . . 17:689 (1987)]. 
Zheng et al. have reported that TNF -a is involved in post- 
stimulation apoptosis of CD8-positive T cells [Zheng et al. , 
Nature, 377:348-351 (1995) ] Other investigators have reported 
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that CD30 ligand may be involved in deletion of self -reactive T 
cells in the thymus [Amakawa et al., Cold Spring Harbor Laboratory 
Symposium on Programmed Cell Death, Abstr. No. 10, (1995)]. 

Mutations in the mouse Fas/Apo-1 receptor or ligand genes 
(called Ipr and gld, respectively) have been associated with some 
autoimmune disorders, indicating that Apo-1 ligand may play a role 
in regulating the clonal deletion of self -reactive lymphocytes in 
the periphery [Krammer et al., Curr . Op . Immunol . . 6:279-289 
(1994); Nagata et al . , Science . 267:1449-1456 (1995)]. Apo-1 
ligand is also reported to induce post-stimulation apoptosis in 
CD4 -positive T lymphocytes and in B lymphocytes, and may be 
involved in the elimination of activated lymphocytes when their 
function is no longer needed [Krammer et al . , supra ; Nagata et al., 
supra] . Agonist mouse monoclonal antibodies specifically binding 
15 to the Apo-1 receptor have been reported to exhibit cell killing 
activity that is comparable to or similar to that of TNF-o- 
[Yonehara et al., J. Exp. Med. . 169:1747-1756 (1989)]. 

TNF Family of Receptors 
Induction of various cellular responses mediated by such 
20 TNF family cytokines is believed to be initiated by their binding 
to specific cell receptors. Two distinct TNF receptors of 
approximately 55-kDa (TNFR1) and 75-kDa (TNFR2) have been 
identified [Hohman et al . , J. Biol . Chem. . 264:14927-14934 (1989); 
Brockhaus et al . , Proc . Natl. Acad. Sci. . 87.: 3127-3131 (1990); EP 
25 417,563, published March 20, 1991] and human and mouse cDNAs 
corresponding to both receptor types have been isolated and 
characterized [Loetscher et al . , Cell , 61:351 (1990); Schall et 
al., Cell, 61:361 (1990); Smith et al . , Science . 24_8: 1019-1023 
(1990); Lewis et al . , Proc. Natl. Acad. Sci. . 88:2830-2834 (1991); 
30 Goodwin et al . , Mol . Cell. Biol. . 11:3020-3026 (1991)]. Extensive 
polymorphisms have been associated with both TNF receptor genes 
[see, e.g., Takao et al . , Immunoaenetics . 37:199-203 (1993)]. Both 
TNFRs share the typical structure of cell surface receptors 
including extracellular, transmembrane and intracellular regions. 
35 The extracellular portions of both receptors are found naturally 
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also as soluble TNF-binding proteins [NopKar, WMUt Ul . / EMBO J. . 
9:3269 (1990); and Kohno, T. et al . , Proc . Natl. Acad. Sci. U.S.A. . 
87:8331 (1990)] . More recently, the cloning of recombinant soluble 
TNF receptors was reported by Hale et al . [ J. Cell. Biochem. 
Supplement 15F . 1991, p. 113 (P424)]. 

The extracellular portion of type 1 and type 2 TNFRs 
(TNFR1 and TNFR2) contains a repetitive amino acid sequence pattern 
of four cysteine-rich domains (CRDs) designated 1 through 4, 
starting from the NH 2 - terminus . Each CRD is about 40 amino acids 
long and contains 4 to 6 cysteine residues at positions which are 
well conserved [Schall et al., supra ; Loetscher et al . , supra ; 
Smith et al . , supra ; Nophar et al . , supra ; Kohno et al . , supra 1 . 
In TNFRi, the approximate boundaries of the four CRDs are as 
follows: CRD1- amino acids 14 to about 53; CRD2- amino acids from 
15 about 54 to about 97; CRD3 - amino acids from about 98 to about 138; 

CRD4- amino acids from about 13 9 to about 167. In TNFR2 , CRD1 
includes amino acids 17 to about 54; CRD2- amino acids from about 
55 to about 97; CRD3- amino acids from about 98 to about 140; and 
CRD4- amino acids from about 141 to about 179 [Banner et al . , Cell . 
20 73:431-435 (1993)]. The potential role of the CRDs in ligand 
binding is also described by Banner et al . , supra . 

A similar repetitive pattern of CRDs exists in several 
other cell-surface proteins, including the p75 nerve growth factor 
receptor (NGFR) [Johnson et al., Cell , 47:545 (1986); Radeke et 
25 al., Nature, 325:593 (1987)], the B cell antigen CD40 [Stamenkovic 
et al., EMBO J. , 8:1403 (1989)], the T cell antigen OX40 [Mallet et 
al., EMBO J., 9:1063 (1990)] and the Fas antigen [Yonehara et al . , 
supra and Itoh et al . , supra 1 . CRDs are also found in the soluble 
TNFR (sTNFR) -like T2 proteins of the Shope and myxoma poxviruses 
30 [Upton et al. , Virology. 160:20-29 (1987); Smith et al., Biochem. 

Biophys. Res. Commun . . 176:335 (1991); Upton et al., Virology . 
184:370 (1991)]. Optimal alignment of these sequences indicates 
that the positions of the cysteine residues are well conserved. 
These receptors are sometimes collectively referred to as members 
35 of the TNF/NGF receptor superfamily. Recent studies on p75NGFR 
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showed that the deletion of CRD1 [Welcher, A. A. et al., Proc . Natl. 
Acad. Sci. USA, 88:159-163 (1991)] or a 5-amino acid insertion in 
this domain [Yan, H. and Chao, M.V., J. Biol. Chem. . 266:12099- 
12104 (1991)] had little or no effect on NGF binding [Yan, H. and 
5 Chao, M.V., supra] . p75 NGFR contains a proline-rich stretch of 
about 60 amino acids, between its CRD 4 and transmembrane region, 
which is not involved in NGF binding [Peetre, C. et al . , Eur. J. 
Hematol . , 41:414-419 (1988); Seckinger, P. et al . , J. Biol. Chem. . 
264:11966-11973 (1989); Yan, H. and Chao, M.V. , supra ] . A similar 
10 proline-rich region is found in TNFR2 but not in TNFR1 . 

Itoh et al. disclose that the Apo-1 receptor can signal 
an apoptotic cell death similar to that signaled by the 55-kDa 
TNFR1 [Itoh et al . , supra] . Expression of the Apo-1 antigen has 
also been reported to be down- regulated along with that of TNFR1 
15 when cells are treated with either TNF-a or ant i -Apo-1 mouse 
monoclonal antibody [Krammer et al., supra ; Nagata et al . , supra ] . 
Accordingly, some investigators have hypothesized that cell lines 
that co-express both Apo-1 and TNFR1 receptors may mediate cell 
killing through common signaling pathways [ Id. 1 . 
20 The TNF family ligands identified to date, with the 

exception of lymphotoxin-a, are type II transmembrane proteins, 
whose C- terminus is extracellular. In contrast, the receptors in 
the TNF receptor (TNFR) family identified to date are type I 
transmembrane proteins. In both the TNF ligand and receptor 
25 families, however, homology identified between family members has 
been found mainly in the extracellular domain ( "ECD" ) . Several of 
the TNF family cytokines, including TNF-a, Apo-1 ligand and CD4 0 
ligand, are cleaved proteolytically at the cell surface; the 
resulting protein in each case typically forms a homotrimeric 
30 molecule that functions as a soluble cytokine. TNF receptor family 
proteins are also usually cleaved proteolytically to release 
soluble receptor ECDs that can function as inhibitors of the 
cognate cytokines. 

Recently, other members of the TNFR family have been 
35 identified. In Marsters et al . , Curr. Biol. . 6:750 (1996), 
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investigators describe a full length native sequence hiiftan 
polypeptide, called Apo-3, which exhibits similarity to the TNFR 
family in its extracellular cysteine-rich repeats and resembles 
TNFR1 and CD95 in that it contains a cytoplasmic death domain 
sequence [see also Marsters et al . , Curr. Biol. . 6:1669 (1996)]. 
_Apo-3 has also been referred to by other investigators as DR3 , wsl- 
1 and TRAMP [Chinnaiyan et al . , Science , 274.-990 (1996); Kitson et 
al. , Nature, 384 :372 (1996) ; Bodmer et al . , Immunity . 6:79 (1997) ] . 

Pan et al. have disclosed another TNF receptor family 
member referred to as "DR4 " [Pan et al., Science . 276 : 111-113 
(1997)]. The DR4 was reported to contain a cytoplasmic death 
domain capable of engaging the cell suicide apparatus. Pan et al . 
disclose that DR4 is believed to be a receptor for the ligand known 
as Apo-2 ligand or TRAIL. 

The Apoptosis- Inducing Signaling Complex 
As presently understood, the cell death program contains 
at least three important elements - activators, inhibitors, and 
effectors; in C. elegans , these elements are encoded respectively 
by three genes, Ced-4, Ced-9 and Ced-3 [Steller, Science . 267:1445 
(1995); Chinnaiyan et al . , Science . 275:1122-1126 (1997)]. Two of 
the TNFR family members, TNFR1 and Fas/Apol (CD95) , can activate 
apoptotic cell death [Chinnaiyan and Dixit, Current Biology . 6:555- 
562 (1996); Fraser and Evan, Cell; 85:781-784 (1996)]. TNFR1 is 
also known to mediate activation of the transcription factor, NF-kB 
[Tartaglia et al . , Cell . 74:845-853 (1993); Hsu et al . , Cell . 
84:299-308 (1996)]. In addition to some ECD homology, these two 
receptors share homology in their intracellular domain (ICD) in an 
oligomerization interface known as the death domain [Tartaglia et 
al., supra ; Nagata, Cell , 88:355 (1997)]. Death domains are also 
found in several metazoan proteins that regulate apoptosis, namely, 
the Drosophila protein, Reaper, and the mammalian proteins referred 
to as FADD/M0RT1, TRADD, and RIP [Cleaveland and Ihle, Cell . 
81:479-482 (1995)]. Using the yeast-two hybrid system, Raven et 
al. report the identification of protein, wsl-1, which binds to the 
TNFRl death domain [Raven et al . , Programmed Cell Death Meeting, 
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September 20-24, 1995, Abstract at page 127; Raven etstt., 
Cytokine Network. 7:Abstr. 82 at page 210 (April-June 1996)]. The 
wsl-1 protein is described as being homologous to TNFR1 (48% 
identity) and having a restricted tissue distribution. According 
5 to Raven et al ., the tissue distribution of wsl-1 is significantly 
different from the TNFR1 binding protein, TRADD. 

Upon ligand binding and receptor clustering, TNFR1 and 
CD95 are believed to recruit FADD into a death- inducing signalling 
complex. CD95 purportedly binds FADD directly, while TNFR1 binds 
10 FADD indirectly via TRADD [Chinnaiyan et al . , Cell , 81:505-512 

(1995) ; Boldin et al . , J. Biol. Chem. , 270:387-391 (1995); Hsu et 
al., supra; Chinnaiyan et al . , J. Biol . Chem. , 271 :4961-4965 

(1996) ]. It has been reported that FADD serves as an adaptor 
protein which recruits the Ced-3-related protease, MACHa/FLICE 

15 (caspase 8), into the death signalling complex [Boldin et al., 

Cell, 8.5:803-815 (1996); Muzio et al . , Cell , 85:817-827 (1996)]. 
MACHa/FLICE appears to be the trigger that sets off a cascade of 
apoptotic proteases, including the interleukin-li8 converting enzyme 
(ICE) and CPP32/Yama, which may execute some critical aspects of 
the cell death programme [Fraser and Evan, supra ] . 

It was recently disclosed that programmed cell death 
involves the activity of members of a family of cysteine proteases 
related to the C. elegans cell death gene, ced-3, and to the 
mammalian IL-l-converting enzyme, ICE. The activity of the ICE and 
25 CPP32/Yama proteases can be inhibited by the product of the cowpox 
virus gene, crmA [Ray et al., Cell , 69:597-604 (1992); Tewari et 
al.. Cell, 81:801-809 (1995)]. Recent studies show that CrmA can 
inhibit TNFR1- and CD95-induced cell death [Enari et al . , Mature, 
375:78-81 (1995); Tewari et al., J. Biol. Chem. . 270:3255-3260 
30 (1995) ] . 

As reviewed recently by Tewari et al., TNFR1 , TNFR2 and 
CD4 0 modulate the expression of proinflammatory and costimulatory 
cytokines, cytokine receptors, and cell adhesion molecules through 
activation of the transcription factor, NF- kE [Tewari et al . , Curr . 
35 Op. Genet. Develop. . 6:39-44 (1996)] . NF-kB is the prototype of a 
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tamily of dimeric transcription factors whose subunits con 



conserved Rel regions [Verma et al . , Genes Develop. , 9:2723-2735 
(1996); Baldwin, Ann. Rev. Immunol . , 14:649-681 (1996)]. In its 
latent form, NF-kB is complexed with members of the I/cB inhibitor 
family; upon inactivation of the IkB in response to certain 
stimuli, released NF-/cB translocates to the nucleus where it binds 
to specific DNA sequences and activates gene transcription. 

For a review of the TNF family of cytokines and their 
receptors, see Gruss and Dower, supra . 




SUMMARY OF THE INVENTION 
Applicants have identified cDNA clones that encode novel 
polypeptides, designated in the present application as "Apo-2." It 
is believed that Apo-2 is a member of the TNFR family; full-length 

15 native sequence human Apo-2 polypeptide exhibits some similarities 
to some known TNFRs, including a cytoplasmic death domain region. 
Full-length native sequence human Apo-2 also exhibits similarity to 
the TNFR family in its extracellular cysteine-rich repeats. Apo-2 
polypeptide has been found to be capable of triggering caspase- 

20 dependent apoptosis and activating NF-kB. Applicants surprisingly 
found that the soluble extracellular domain of Apo-2 binds Apo-2 
ligand (Apo-2L) and can inhibit Apo-2 ligand function. It is 
presently believed that Apo-2 ligand can signal via at least two 
different receptors, DR4 and the newly described Apo-2 herein. 

25 In one embodiment, the invention provides isolated Apo-2 

polypeptide. In particular, the invention provides isolated native 
sequence Apo-2 polypeptide, which in one embodiment, includes an 
amino acid sequence comprising residues 1 to 411 of Figure 1 (SEQ 
ID N0:1). In other embodiments, the isolated Apo-2 polypeptide 

30 comprises at least about 80% amino acid sequence identity with 
native sequence Apo-2 polypeptide comprising residues 1 to 411 of 
Figure 1 (SEQ ID N0:1). 

In another embodiment, the invention provides an isolated 
extracellular domain (ECD) sequence of Apo-2. Optionally, the 

35 isolated extracellular domain sequence comprises amino acid 
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residues 54 to 182 of Fig. 1 (SEQ ID N0:1) . 

In another embodiment, the invention provides an isolated 
death domain sequence of Apo-2. Optionally, the isolated death 
domain sequence comprises amino acid residues 324 to 391 of Fig. 1 
(SEQ ID N0:1) . 

In another embodiment, the invention provides chimeric 
molecules comprising Apo-2 polypeptide fused to a heterologous 
polypeptide or amino acid sequence. An example of such a chimeric 
molecule comprises an Apo-2 fused to an immunoglobulin sequence. 
Another example comprises an extracellular domain sequence of. Apo-2 
fused to a heterologous polypeptide or amino acid sequence, such as 
an immunoglobulin sequence. 

In another embodiment, the invention provides an isolated 
nucleic acid molecule encoding Apo-2 polypeptide. In one aspect, 
the nucleic acid molecule is RNA or DNA that encodes an Apo-2 
polypeptide or a particular domain of Apo-2, or is complementary to 
such encoding nucleic acid sequence, and remains stably bound to it 
under at least moderate, and optionally, under high stringency 
conditions. In one embodiment, the nucleic acid sequence is 
selected from: 

(a) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO: 2) that codes for residue 1 to residue 411 
(i.e., nucleotides 140-142 through 1370-1372), inclusive; 

(b) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO: 2) that codes for residue 1 to residue 182 
(i.e., nucleotides 140-142 through 683-685), inclusive; 

(c) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO: 2) that codes for residue 54 to residue 182 
(i.e., nucleotides 299-301 through 67^-6/5), inclusive; „ 

(d) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO: 2) that codes for residue 3 24 to residue 3 91 
(i.e., nucleotides 1109-1111 through 1310-1312), inclusive; or 

(e) a sequence corresponding to the sequence of (a) , (b) , 
(c) or (d) within the scope of degeneracy of the genetic code. 

In a further embodiment, the invention provides a vector 




comprising the nucleic acid molecule encoding the Apo-2 ^o^ypU^tidk 
or particular domain of Apo-2. A host cell comprising the vector 
or the nucleic acid molecule is also provided. A method of 
producing Apo-2 is further provided. 

In another embodiment, the invention provides an antibody 
which specifically binds to Apo-2. The antibody may be an 
agonistic, antagonistic or neutralizing antibody. 

In another embodiment, the invention provides non-human, 
transgenic or knock-out animals. 

A further embodiment of the invention provides articles 
of manufacture and kits that include Apo-2 or Apo-2 antibodies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the nucleotide sequence of a native 
sequence human Apo-2 cDNA and its derived amino acid sequence. 

Figure 2A shows the derived amino acid sequence of a 
native sequence human Apo-2 - the putative signal sequence is 
underlined, the putative transmembrane domain is boxed, and the 
putative death domain sequence is dash underlined. The cysteines 
of the two cysteine-rich domains are individually underlined. 

Figure 2B shows an alignment and comparison of the death 
domain sequences of native sequence human Apo-2, DR4, Apo-3/DR3, 
TNFR1, and Fas/Apo-1 (CD95) . Asterisks indicate residues that are 
essential for death signaling by TNFR1 [Tartaglia et al . , supra l . 

Figure 3 shows the interaction of the Apo-2 ECD with Apo- 
2L. Supernatants from mock- transf ected 293 cells or from 293 cells 
transfected with Flag epitope- tagged Apo-2 ECD were incubated with 
poly-His-tagged Apo-2L and subjected to immunoprecipitation with 
anti-Flag conjugated or Nickel conjugated agarose beads. The 
precipitated proteins were resolved by electrophoresis on 
polyacrylamide gels, and detected by immunoblot with anti-Apo-2L or 
anti-Flag antibody. 

Figure 4 shows the induction of apoptosis by Apo-2 and 
inhibition of Apo-2L activity by soluble Apo-2 ECD. Human 293 
cells (A, B) or HeLa cells (C) were transfected by pRK5 vector or 




by pRK5 -based plasmids encoding Apo-2 and/or CrmA. Apt 
assessed by morphology (A) , DNA fragmentation (B) , or by FACS (d- 
E) . Soluble Apo-2L was pre-incubated with buffer or affinity- 
purified Apo-2 ECD together with anti-Flag antibody or Apo-2 ECD 
5 immunoadhesin or DR4 or TNFR1 immunoadhesins and added to HeLa 
cells. The cells were later analyzed for apoptosis (D) . Dose- 
response analysis using Apo-2L with Apo-2 ECD immunoadhesin was 
also determined (E) . 

Figure 5 shows activation of NF-kB by Apo-2, DR4 , and 

10 Apo-2L. (A) HeLa cells were transfected with expression plasmids 
encoding the indicated proteins. Nuclear extracts were prepared 
and analyzed by an electrophoretic mobility shift assay. (B) HeLa 
cells or MCF7 cells were treated with buffer, Apo-2L or TNF-alpha 
and assayed for NF-kB activity. (C) HeLa cells were preincubated 

15 with buffer, ALLN or cyclohexamide before addition of Apo-2L. 
Apoptosis was later analyzed by FACS. 

Figure 6 shows expression of Apo-2 mRNA in human tissues 
as analyzed by Northern hybridization of human tissue poly A RNA 
blots . 

20 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
I • Definitions 

The terms "Apo-2 polypeptide" and "Apo-2 l " when used 
herein encompass native sequence Apo-2 and Apo-2 variants (which 

25 are further defined herein) . These terms encompass Apo-2 from a 
variety of mammals, including humans. The Apo-2 may be isolated 
from a variety of sources, such as from human tissue types or from 
another source, or prepared by recombinant or synthetic methods. 

A "native sequence Apo-2" comprises a polypeptide having 

30 the same amino acid sequence as an Apo-2 derived from nature. 
Thus, a native sequence Apo-2 can have the amino acid sequence of 
naturally-occurring Apo-2 from any mammal. Such native sequence 
Apo-2 can be isolated from nature or can be produced by recombinant 
or synthetic means. The term "native sequence Apo-2" specifically 

35 encompasses naturally-occurring truncated or secreted forms of the 
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Apo-2 (e.g., an extracellular domain sequence) , naturally-occurring 
variant forms (e.g., alternatively spliced forms) and naturally- 
occurring allelic variants of the Apo-2. A naturally'-occurring 
variant form of the Apo-2 includes an Apo-2 having an amino acid 
5 substitution at residue 410 in the amino acid sequence shown in 
Figure 1 (SEQ ID N0:1). In one embodiment of such naturally- 
ocurring variant form, the leucine residue at position 410 is 
substituted by a methionine residue. In Fig. 1 (SEQ ID N0:1), the 
amino acid residue at position 410 is identified as "Xaa" to 

10 indicate that the amino acid may, optionally, be either leucine or 
methionine. In Fig. 1 (SEQ ID N0.-2), the nucleotide at position 
1367 is identified as "W" to indicate that the nucleotide may be 
either adenine (A) or thymine (T) or uracil (U) . In one embodiment 
of the invention, the native sequence Apo-2 is a mature or full- 

15 length native sequence Apo-2 comprising amino acids 1 to 411 of 
Fig. 1 (SEQ ID NO: 1) . 

The "Apo-2 extracellular domain" or "Apo-2 ECD" refers to 
a form of Apo-2 which is essentially free of the transmembrane and 
cytoplasmic domains of Apo-2. Ordinarily, Apo-2 ECD will have less 

20 than 1% of such transmembrane and/or cytoplasmic domains and 
preferably, will have less than 0.5% of such domains. Optionally, 
Apo-2 ECD will comprise amino acid residues 54 to 182 of Fig. 1 
(SEQ ID N0:1) or amino acid residues 1 to 182 of Fig. 1 (SEQ ID 
NO : 1 ) . 

25 "Apo-2 variant" means a biologically active Apo-2 as 

defined below having at least about 80% amino acid sequence 
identity with the Apo-2 having the deduced amino acid sequence 
shown in Fig. 1 (SEQ ID NO:l) for a full-length native sequence 
human Apo-2. Such Apo-2 variants include, for instance, Apo-2 

30 polypeptides wherein one or more amino acid residues are added, or 
deleted, at the N- or C- terminus of the sequence of Fig. l (SEQ ID 
NO:l) . Ordinarily, an Apo-2 variant will have at least about 80% 
amino acid sequence identity, more preferably at least about 90% 
amino acid sequence identity, and even more preferably at least 

35 about 95% amino acid sequence identity with the -amino acid sequence 



of Fig. 1 (SEQ ID N0:1) . 

"Percent (%) amino acid sequence identity" 
to the Apo-2 sequences identified herein is defi 
percentage of amino acid residues in a candidate sequence that are 
identical with the amino acid residues in the Apo-2 sequence, after 
aligning the sequences and introducing gaps, if necessary, to 
achieve the maximum percent sequence identity, and not considering 
any conservative substitutions as part of the sequence identity. 
Alignment for purposes of determining percent amino acid sequence 
identity can be achieved in various ways that are within the skill 
in the art, for instance, using publicly available computer 
software such as ALIGN™ or Megaligrt (DNASTAR) software. Those 
skilled in the art can determine appropriate parameters for 
measuring alignment, including any algorithms needed to achieve 
maximal alignment over the full length of the sequences being 
compared. 

The term "epitope tagged" when used herein refers to a 
chimeric polypeptide comprising Apo-2, or a domain sequence 
thereof, fused to a "tag polypeptide". The tag polypeptide has 
enough residues to provide an epitope against which an antibody can 
be made, yet is short enough such that it does not interfere with 
activity of the Apo-2. The tag polypeptide preferably also is 
fairly unique so that the antibody does not substantially cross - 
react with other epitopes. Suitable tag polypeptides generally 
have at least six amino acid residues and usually between about 8 
to about 50 amino acid residues (preferably, between about 10 to 
about 20 residues) . 

"Isolated," when used to describe the various 
polypeptides disclosed herein, means polypeptide that has been 
identified and separated and/or recovered from a component of its 
natural environment. Contaminant components of its natural 
environment are materials that would typically interfere with 
diagnostic or therapeutic uses for the polypeptide, and may include 
enzymes, hormones, and other proteinaceous or non-proteinaceous 
solutes. In preferred embodiments, the polypeptide will be 






purified (1) to a degree sufficient to obtain at least 15 re 
of N-terminal or internal amino acid sequence by use of a spinning 
cup sequenator, or (2) to homogeneity by SDS-PAGE under non- 
reducing or reducing conditions using Coomassie blue or, 
5 preferably, silver stain. Isolated polypeptide includes 

polypeptide in situ within recombinant cells, since at least one 
component of the Apo-2 natural environment will not be present. 
Ordinarily, however, isolated polypeptide will be prepared by at 
least one purification step. 
10 An "isolated" Apo-2 nucleic acid molecule is a nucleic 

acid molecule that is identified and separated from at least one 
contaminant nucleic acid molecule with which it is ordinarily 
associated in the natural source of the Apo-2 nucleic acid. An 
isolated Apo-2 nucleic acid molecule is other than in the form or 
15 setting in which it is found in nature. Isolated Apo-2 nucleic 
acid molecules therefore are distinguished from the Apo-2 nucleic 
acid molecule as it exists in natural cells. However, an isolated 
Apo-2 nucleic acid molecule includes Apo-2 nucleic acid molecules 
contained in cells that ordinarily express Apo-2 where, for 
20 example, the nucleic acid molecule is in a chromosomal location 
different from that of natural cells. 

The term "control sequences" refers to DNA sequences 
necessary for the expression of an operably linked coding sequence 
in a particular host organism. The control sequences that are 
25 suitable for prokaryotes, for example, include a promoter, 
optionally an operator sequence, and a ribosome binding site. 
Eukaryotic cells are known to utilize promoters, polyadenylation 
signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into 
30 a functional relationship with another nucleic acid sequence. For 
example, DNA for a presequence or secretory leader is operably 
linked to DNA for a polypeptide if it is expressed as a preprotein 
that participates in the secretion of the polypeptide; a promoter 
or enhancer is operably linked to a coding sequence if it affects 
35 the transcription of the sequence; or a ribosome binding site is 
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operably linked to a coding sequence if it is positioned so a^^ocT 
facilitate translation. Generally, "operably linked" means th&2^ 
the DNA sequences being linked are contiguous, and, in the case of 
a secretory leader, contiguous and in reading phase. However, 
enhancers do not have to be contiguous. Linking is accomplished by 
ligation at convenient restriction sites. If such sites do not 
exist, the synthetic oligonucleotide adaptors or linkers are used 
in accordance with conventional practice. 

The term "antibody" is used in the broadest sense and 
specifically covers single anti-Apo-2 monoclonal antibodies 
(including agonist, antagonist, and neutralizing antibodies) and 
anti-Apo-2 antibody compositions with polyepitopic specificity. 

The term "monoclonal antibody" as used herein refers to 
an antibody obtained from a population of substantially homogeneous 
antibodies, i.e., the individual antibodies comprising the 
population are identical except for possible naturally-occurring 
mutations that may be present in minor amounts. Monoclonal 
antibodies are highly specific, being directed against a single 
antigenic site. Furthermore, in contrast to conventional 

(polyclonal) antibody preparations which typically include 
different antibodies directed against different determinants 
(epitopes) , each monoclonal antibody is directed against a single 
determinant on the antigen. 

The monoclonal antibodies herein include hybrid and 
recombinant antibodies produced by splicing a variable (including 
hypervariable) domain of an anti-Apo-2 antibody with a constant 
domain (e.g. "humanized" antibodies), or a light chain with a heavy 
chain, or a chain from one species with a chain from another 
species, or fusions with heterologous proteins, regardless of 
species of origin or immunoglobulin class or subclass designation, 
as well as antibody fragments (e.g., Fab, F(ab') 2 , and Fv) , so long 
as they exhibit the desired biological activity. See, e.g. U.S. 
Pat. No. 4,816,567 and Mage et al . , in Monoclonal Antibody 
Production Techniques and Applications , pp. 79-97 (Marcel Dekker, 
Inc. : New York, 1987) . 




Thus, the modifier "monoclonal" indicates the chai 
of the antibody as being obtained from a substantially homogeneous 
population of antibodies, and is not to be construed as requiring 
production of the antibody by any particular method. For example, 
5 the monoclonal antibodies to be used in accordance with the present 
invention me*y be made by the hybridoma method first described by 
Kohler and Milstein, Nature, 256:495 (1975), or may be made by 
recombinant DNA methods such as described in U.S. Pat. No. 
4,816,567. The "monoclonal antibodies" may also be isolated from 

10 phage libraries generated using the techniques described in 
McCafferty et al . , Nature, 348:552-554 (1990), for example. 

"Humanized" forms of non-human (e.g. murine) antibodies 
are specific chimeric immunoglobulins, immunoglobulin chains, or 
fragments thereof (such as Fv, Fab, Fab', F(ab') 2 or other antigen- 

15 binding subsequences of antibodies) which contain minimal sequence 
derived from non-human immunoglobulin. For the most part, 
humanized antibodies are human immunoglobulins (recipient antibody) 
in which residues from a complementary determining region (CDR) of 
the recipient are replaced by residues from a CDR of a non-human 

20 species (donor antibody) such as mouse, rat, or rabbit having the 
desired specificity, affinity, and capacity. In some instances, Fv 
framework region (FR) residues of the human immunoglobulin are 
replaced by corresponding non-human residues. Furthermore, the 
humanized antibody may comprise residues which are found neither in 

25 the recipient antibody nor in the imported CDR or framework 
sequences. These modifications are made to further refine and 
optimize antibody performance. In general, the humanized antibody 
will comprise substantially all of at least one, and typically two, 
variable domains, in which all or substantially all of the CDR 

30 regions correspond to those of a non-human immunoglobulin and all 
or substantially all of the FR regions are those of a human 
immunoglobulin consensus sequence. The humanized antibody 

optimally also will comprise at least a portion of an 
immunoglobulin constant region or domain (Fc) , typically that of a 

35 human immunoglobulin. 

m 
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"Biologically active" and "desired biological act: 
for the purposes herein mean having the ability to modulate' 
apoptosis (either in an agonistic or stimulating manner or in an 
antagonistic or blocking manner) in at least one type of mammalian 
cell in vivo or ex vivo. 

The terms "apoptosis" and "apoptotic activity" are used 
in a broad sense and refer to the orderly or controlled form of 
cell death in mammals that is typically accompanied by one or more 
characteristic cell changes, including condensation of cytoplasm, 
loss of plasma membrane microvilli, segmentation of the nucleus, 
degradation of chromosomal DNA or loss of mitochondrial function. 
This activity can be determined and measured, for instance, by cell 
viability assays, FACS analysis or DNA electrophoresis, all of 
which are known in the art. 
15 The terms "treating," "treatment," and "therapy" as used 

herein refer to curative therapy, prophylactic therapy, and 
preventative therapy. 

The term "mammal" as used herein refers to any mammal 
classified as a mammal, including humans, cows, horses, dogs and 
20 cats. In a preferred embodiment of the invention, the mammal is a 
human . 



II - Compositions and Methods of the Invention 

The present invention provides newly identified and 
isolated Apo-2 polypeptides. In particular, Applicants have 
identified and isolated various human Apo-2 polypeptides. The 
properties and characteristics of some of these Apo-2 polypeptides 
are described in further detail in the Examples below. Based upon 
the properties and characteristics of the Apo-2 polypeptides 
disclosed herein, it is Applicants' present belief that Apo-2 is a 
member of the TNFR family. 

A description follows as to how Apo-2, as well as Apo-2 
chimeric molecules and anti-Apo-2 antibodies, may be prepared. 
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A. Preparation of Apo-2 

The description below relates primarily to productlcWof 
Apo-2 by culturing cells transformed or transfected with a vector 
containing Apo-2 nucleic acid. It is of course, contemplated that 
alternative methods, which are well known in the art, may be 
employed to prepare Apo-2. 

1 - Isolation of DNA Encoding Apo-2 

The DNA encoding Apo-2 may be obtained from any cDNA 
library prepared from tissue believed to possess the Apo-2 mRNA and 
to express it at a detectable level. Accordingly, human Apo-2 DNA 
can be conveniently obtained from a cDNA library prepared from 
human tissues, such as the bacteriophage libraries of human 
pancreas and kidney cDNA described in Example 1. The Apo-2 - 
encoding gene may also be obtained from a genomic library or by 
oligonucleotide synthesis . 

Libraries can be screened with probes (such as antibodies 
to the Apo-2 or oligonucleotides of at least about 20-80 bases) 
designed to identify the gene of interest or the protein encoded by 
it. Screening the cDNA or genomic library with the selected probe 
may be conducted using standard procedures, such as described in 
Sambrook et al., Molecular Cloning: A Laboratory Manual (New York: 
Cold Spring Harbor Laboratory Press, 1989) . An alternative means 
to isolate the gene encoding Apo-2 is to use PCR methodology 
[Sambrook et al . , supra ; Dieffenbach et al., PCR Primer : A 
Laborat ory Manual (Cold Spring Harbor Laboratory Press, 1995)] . 

A preferred method of screening employs selected 
oligonucleotide sequences to screen cDNA libraries from various 
human tissues. Example 1 below describes techniques for screening 
a cDNA library. The oligonucleotide sequences selected as probes 
should be of sufficient length and sufficiently unambiguous that 
false positives are minimized. The oligonucleotide is preferably 
labeled such that it can be detected upon hybridization to DNA in 
the library being screened. Methods of labeling are well known in 
the art, and include the use of radiolabels like 32 P-labeled ATP, 
biotinylation or enzyme labeling. Hybridization conditions, 



inlcuding moderate stringency and high stringency, are provided in 
Sambrook et al . , supra . 

Nucleic acid having all the protein coding sequence 
be obtained by screening selected cDNA or genomic libraries using 
5 the deduced amino acid sequence disclosed herein for the first 
time, and, if necessary, using conventional primer extension 
procedures as described in Sambrook et al., supra , to detect 
precursors and processing intermediates of mRNA that may not have 
been reverse- transcribed into cDNA. 

10 Apo-2 variants can be prepared by introducing appropriate 

nucleotide changes into the Apo-2 DNA, or by synthesis of the 
desired Apo-2 polypeptide. Those skilled in the art will 
appreciate that amino acid changes may alter post- translational 
processes of the Apo-2, such as changing the number or position of 

15 glycosylation sites or altering the membrane anchoring 
characteristics . 

Variations in the native full-length sequence Apo-2 or in 
various domains of the Apo-2 described herein, can be made, for 
example, using any of the techniques and guidelines for 

20 conservative and non-conservative mutations set forth, for 
instance, in U.S. Pat. No. 5,364,934. Variations may be a 
substitution, deletion or insertion of one or more codons encoding 
the Apo-2 that results in a change in the amino acid sequence of 
the Apo-2 as compared with the native sequence Apo-2. Optionally 

25 the variation is by substitution of at least one amino acid with 
any other amino acid in one or more of the domains of the Apo-2 
molecule. The variations can be made using methods known in the 
art such as oligonucleotide-mediated (site-directed) mutagenesis, 
alanine scanning, and PCR mutagenesis. Site-directed mutagenesis 

30 [Carter et al . , Nucl . Acids Res. , 13:4331 (1986); Zoller et al., 

Nucl. Acids Res. , 10:6487 (1987)], cassette mutagenesis [Wells et 
al., Gene, 34,: 315 (1985)], restriction selection mutagenesis [Wells 
et al., Philos. Trans. R. Soc . London SerA , 317:415 (1986)] or 
other known techniques can be performed on the cloned DNA to 

35 produce the Apo-2 variant DNA. 

CONFIDENTIAL 



•19- 



Scanning amino acid analysis can also be employed to 
identify one or more amino acids along a contiguous sequence which 
are involved in the interaction with a particular ligand or 
receptor. Among the preferred scanning amino acids are relatively 
5 small, neutral amino acids. Such amino acids include alanine, 
glycine, serine, and cysteine. Alanine is the preferred scanning 
amino acid among this group because it eliminates the side-chain 
beyond the beta-carbon and is less likely to alter the main-chain 
conformation of the variant. Alanine is also preferred because it 

10 is the most common amino acid. Further, it is frequently found in 
both buried and exposed positions [Creighton, The Proteins , (W.H. 
Freeman & Co., N.Y.); Chothia, J. Mol . Biol . , 150:1 (1976)]. If 
alanine substitution does not yield adequate amounts of variant, an 
isoteric amino acid can be used. 

15 Once selected Apo-2 variants are produced, they can be 

contacted with, for instance, Apo-2L, and the interaction, if any, 
can be determined. The interaction between the Apo-2 variant and 
Apo-2L can be measured by an in vitro assay, such as described in 
the Examples below. While any number of analytical measurments can 

20 be used to compare activities and properties between a native 
sequence Apo-2 and an Apo-2 variant, a convenient one for binding 
is the dissociation constant K d of the complex formed between the 
Apo-2 variant and Apo-2L as compared to the K d for the native 
sequence Apo-2. Generally, a > 3 -fold increase or decrease in K d 

25 per substituted residue indicates that the substituted residue (s) 
is active in the interaction of the native sequence Apo-2 with the 
Apo-2L. 

Optionally, representative sites in the Apo-2 sequence 
suitable for mutagenesis would include sites within the 
30 extracellular domain, and particularly, within one or both of the 
cysteine-rich domains. Such variations can be accomplished using 
the methods described above. 

2 . Insertion of Nucleic Acid into A Replicable Vector 
The nucleic acid (e.g., cDNA or genomic DNA) encoding 
35 Apo-2 may be inserted into a replicable vector for further cloning 




(amplification of the DNA) or for expression. Various vectors aire 
publicly available. The vector components generally include, but 
are not limited to, one or more of the following: a signal 
sequence, an origin of replication, one or more marker genes, an 
enhancer element, a promoter, and a transcription termination 
sequence, each of which is described below. 

(i) Signal Sequence Component 
The Apo-2 may be produced recombinant ly not only 
directly, but also as a fusion polypeptide with a heterologous 
polypeptide, which may be a signal sequence or other polypeptide 
having a specific cleavage site at the N-terminus of the mature 
protein or polypeptide. In general, the signal sequence may be a 
component of the vector, or it may be a part of the Apo-2 DNA that 
is inserted into the vector. The heterologous signal sequence 
selected preferably is one that is recognized and processed (i.e., 
cleaved by a signal peptidase) by the host cell. The signal 
sequence may be a prokaryotic signal sequence selected, for 
example, from the group of the alkaline phosphatase, penicillinase, 
Ipp, or heat-stable enterotoxin II leaders. For yeast secretion 
the signal sequence may be, e.g., the yeast invertase leader, alpha 
factor leader (including Saccharomyces and Kluyveromyces ct-f actor 
leaders, the latter described in U.S. Pat. No. 5,010,182), or acid 
phosphatase leader, the C. albicans glucoamylase leader (EP 362,179 
published 4 April 1990), or the signal described in WO 90/13646 
published 15 November 1990. In mammalian cell expression the 
native Apo-2 presequence that normally directs insertion of Apo-2 
in the cell membrane of human cells in vivo is satisfactory, 
although other mammalian signal sequences may be used to direct 
secretion of the protein, such as signal sequences from secreted 
polypeptides of the same or related species, as well as viral 
secretory leaders, for example, the herpes simplex glycoprotein D 
signal. 

The DNA for such precursor region is preferably ligated 
in reading frame to DNA encoding Apo-2 
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Both expression and cloning vectors contain 



( i i ) Origin of Replication Component /// 




1C 



acid sequence that enables the vector to replicate in one or more 
selected host cells. Generally, in cloning vectors this sequence 
is one that enables the vector to replicate independently of the 
host chromosomal DNA, and includes origins of replication or 
autonomously replicating sequences. Such sequences are well known 
for a variety of bacteria, yeast, and viruses. The origin of 
replication from the plasmid pBR322 is suitable for most Gram- 
negative bacteria, the 2fx plasmid origin is suitable for yeast, and 
various viral origins (SV40, polyoma, adenovirus, VSV or BPV) are 
useful for cloning vectors in mammalian cells. Generally, the 
origin of replication component is not needed for mammalian 
expression vectors (the SV40 origin may typically be used because 
it contains the early promoter) . 



are capable of replication in at least one class of organisms but 
can be transfected into another organism for expression. For 
example, a vector is cloned in E. coli and then the same vector is 
transfected into yeast or mammalian cells for expression even 
though it is not capable of replicating independently of the host 
cell chromosome. 



genome. This is readily accomplished using Bacillus species as 
hosts, for example, by including in the vector a DNA sequence that 
is complementary to a sequence found in Bacillus genomic DNA. 
Transfection of Bacillus with this vector results in homologous 
recombination with the genome and insertion of Apo-2 DNA. However, 
the recovery of g'enomic DNA encoding Apo-2 is more complex than 
that of an exogenously replicated vector because restriction enzyme 
digestion is required to excise the Apo-2 DNA. 

(iii) Selection Gene Component 
Expression and cloning vectors typically contain a 
selection gene, also termed a selectable marker. This gene encodes 



Most expression vectors are "shuttle" vectors, i.e., they 



DNA may also be amplified by insertion into the host 



a protein necessary for the survival or growth 
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cells grown in a selective culture medium. Host cells 1 not 
transformed with the vector containing the selection gene will not 
survive in the culture medium. Typical selection genes encode 
proteins that (a) confer resistance to antibiotics or other toxins, 
e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) 
complement auxotrophic deficiencies, or (c) supply critical 
nutrients not available from complex media, e.g., the gene encoding 
D-alanine racemase for Bacilli. 

One example of a selection scheme utilizes a drug to 
arrest growth of a host cell. Those cells that are successfully 
transformed with a heterologous gene produce a protein conferring 
drug resistance and thus survive the selection regimen. Examples 
of such dominant selection use the drugs neomycin [Southern et al . , 
J. Molec. Appl. Genet., 1:327 (1982)], mycophenolic acid (Mulligan 
15 et al., Science, 209:1422 (1980)] or hygromycin [Sugden et al., 
Mol. Cell. Biol., 5:410-413 (1985)]. The three examples given 
above employ bacterial genes under eukaryotic control to convey 
resistance to the appropriate drug G418 or neomycin (geneticin) , 
xgpt (mycophenolic acid) , or hygromycin, respectively. 

Another example of suitable selectable markers for 
mammalian cells are those that ■ enable the identification of cells 
competent to take up the Apo-2 nucleic acid, such as DHFR or 
thymidine kinase. The mammalian cell transf ormants are placed 
under selection pressure that only the transf ormants are uniquely 
adapted to survive by virtue of having taken up the marker. 
Selection pressure is imposed by culturing the transf ormants under 
conditions in which the concentration of selection agent in the 
medium is successively changed, thereby leading to amplification of 
both the selection gene and the DNA that encodes Apo-2. 
Amplification is the process by which genes in greater demand for 
the production of a protein critical for growth are reiterated in 
tandem within the chromosomes of successive generations of 
recombinant cells. Increased quantities of Apo-2 are synthesized 
from the amplified DNA. Other examples of amplifiable genes 
35 include metallothionein-I and -II, adenosine deaminase, and 
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ornithine decarboxylase . 

Cells transformed with the DHFR selection gene may first 
be identified by culturing all of the transf ormants in a culture 
medium that contains methotrexate (Mtx) , a competitive antagonist 
of DHFR. An appropriate host cell when wild- type DHFR is employed 
is the Chinese hamster ovary (CHO) cell line deficient in DHFR 
activity, prepared and propagated as described by Urlaub et al., 
Proc. Natl. Acad. Sci . USA , 77:4216 (1980) . The transformed cells 
are then exposed to increased levels of methotrexate. This leads 
to the synthesis of multiple copies of the DHFR gene, and, 
concomitantly, multiple copies of other DNA comprising the 
expression vectors, such as the DNA encoding Apo-2. This 
amplification technique can be used with any otherwise suitable 
host, e.g., ATCC No. CCL61 CH0-K1, notwithstanding the presence of 
15 endogenous DHFR if, for example, a mutant DHFR gene that is highly 
resistant to Mtx is employed (EP 117,060). 

Alternatively, host cells (particularly wild-type hosts 
that contain endogenous DHFR) transformed or co-transformed with 
DNA sequences encoding Apo-2, wild-type DHFR protein, and another 
20 selectable marker such as aminoglycoside 3 ' -phosphotransferase 
(APH) can be selected by cell growth in medium containing a 
selection agent for the selectable marker such as an 
aminoglycosidic antibiotic, e.g., kanamycin, neomycin, or G418. 
See U.S. Patent No. 4,965,199. 
25 A suitable selection gene for use in yeast is the trpl 

gene present in the yeast plasmid YRp7 [Stinchcomb et al., Nature, 
282_:39 (1979); Kingsman et al . , Gene , 7:141 (1979) ; Tschemper et 
al., Gene, 10:157 (1980)]. The trpl gene provides a selection 
marker for a mutant strain of yeast lacking the ability to grow in 
30 tryptophan, for example, ATCC No. 44076 or PEP4-1 [Jones, Genetics . 

85:12 (1977)]. The presence of the trpl lesion in the yeast host 
cell genome then provides an effective environment for detecting 
transformation by growth in the absence of tryptophan. Similarly, 
Leu2-def icient yeast strains (ATCC 20,622 or 38,626) are 
35 complemented by known plasmids bearing the Leu2 
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In addition, vectors derived from the 1.6 fim circular 




plasmid pKDl can be used for transformation of Kluyveromyces yeasts 
[Bianchi et al . , Curr. Genet . , 12:185 (1987)]. More recently, an 
expression system for large-scale production of recombinant calf 
5 chymosin was reported for K. lactis [Van den Berg, Bio/Technology , 
8:135 (1990)] . Stable multi-copy expression vectors for secretion 
of mature recombinant human serum albumin by industrial strains of 
Kluyveromyces have also been disclosed [Fleer et al., 
Bio/Technology , 9:968-975 (1991)]. 

10 (iv) Promoter Component 

Expression and cloning vectors usually contain a promoter 
that is recognized by the host organism and is operably linked to 
the Apo-2 nucleic acid sequence. Promoters are untranslated 
sequences located upstream (5') to the start codon of a structural 

15 gene (generally within about 100 to 1000 bp) that control the 
transcription and translation of particular nucleic acid sequence, 
such as the Apo-2 nucleic acid sequence, to which they are operably 
linked. Such promoters typically fall into two classes, inducible 
and constitutive. Inducible promoters are promoters that initiate 

20 increased levels of transcription from DNA under their control in 
response to some change in culture conditions, e.g., the presence 
or absence of a nutrient or a change in temperature. At this time 
a large number of promoters recognized by a variety of potential 
host cells are well known. These promoters are operably linked to 

25 Apo-2 encoding DNA by removing the promoter from the source DNA by 
restriction enzyme digestion and inserting the isolated promoter 
sequence into the vector. Both the native Apo-2 promoter sequence 
and many heterologous promoters may be used to direct amplification 
and/or expression of the Apo-2 DNA. 



the /?- lactamase and lactose promoter systems [Chang et al . , Nature, 
275:615 (1978); Goeddel et al . , Nature . 281:544 (1979)], alkaline 
phosphatase, a tryptophan (trp) promoter system [Goeddel, Nucleic 
Acids Res. , 8:4057 (1980) ; EP 36,776] , and hybrid promoters such as 



30 



Promoters suitable for use with prokaryotic hosts include 



35 



the tac promoter [deBoer et al 



Proc. Natl. Acad. Sci . USA , 80:21- 
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25 (1983)] . However, other known bacterial promoters are suitable. 
Their nucleotide sequences have been published, thereby enabling a 
skilled worker operably to ligate them to DNA encoding Apo-2 
[Siebenlist et al . , Cell , 20:269 (1980)] using linkers or adaptors 
5 to supply any required restriction sites. Promoters for use in 
bacterial systems also will contain a Shine-Dalgarno (S.D.) 
sequence operably linked to the DNA encoding Apo-2. 

Promoter sequences are known for eukaryotes. Virtually 
all eukaryotic genes have an AT-rich region located approximately 

10 25 to 30 bases upstream from the site where transcription is 
initiated. Another sequence found 70 to 80 bases upstream from the 
start of transcription of many genes is a CXCAAT region where X may 
be any nucleotide. At the 3' end of most eukaryotic genes is an 
AATAAA sequence that may be the signal for addition of the poly A 

15 tail to the 3' end of the coding sequence. All of these sequences 
are suitably inserted into eukaryotic expression vectors. 

Examples of suitable promoting sequences for use with 
yeast hosts include, the promoters for 3 -phosphoglycerate kinase 
[Hitzeman et al . , J. Biol . Chem. , 255 : 2073 (1980)] or other 

20 glycolytic enzymes [Hess et al., J. Adv. Enzyme Reg. , 7:149 (1968); 

Holland, Biochemistry . 17:4900 (1978)], such as enolase, 
glyceraldehyde- 3 -phosphate dehydrogenase , hexokinase , pyruvate 
decarboxylase, phosphof ructokinase, glucose -6 -phosphate isomerase, 
3 -phosphoglycerate mutase, pyruvate kinase, triosephosphate 

25 isomerase, phosphoglucose isomerase, and glucokinase . 

Other yeast promoters, which are inducible promoters 
having the additional advantage of transcription controlled by 
growth conditions, are the promoter regions for alcohol 
dehydrogenase 2, isocytochrome C, acid phosphatase, degradative 

3 0 enzymes associated with nitrogen metabolism, metallothionein, 
glyceraldehyde - 3 -phosphate dehydrogenase, and enzymes responsible 
for maltose and galactose utilization. Suitable vectors and 
promoters for use in yeast expression are further described in EP 
73,657. Yeast enhancers also are advantageously used with yeast 

3 5 promoters. 
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Apo-2 transcription from vectors in mammalian host cells 
is controlled, for example, by promoters obtained from the genomes 
of viruses such as polyoma virus, fowlpox virus (UK 2,211,504 
published 5 July 1989) , adenovirus (such as Adenovirus 2) , bovine 
5 papilloma virus, avian sarcoma virus, cytomegalovirus, a 
retrovirus, hepatitis-B virus and most preferably Simian Virus 40 
(SV40) , from heterologous mammalian promoters, e.g., the actin 
promoter or an immunoglobulin promoter, from heat -shock promoters, 
and from the promoter normally associated with the Apo-2 sequence, 

10 provided such promoters are compatible with the host cell systems. 

The early and late promoters of the SV40 virus are 
conveniently obtained as an SV40 restriction fragment that also 
contains the SV40 viral origin of replication [Fiers et al., 
Nature, 273:113 (1978); Mulligan and Berg, Science , 209 : 1422-1427 

15 (1980); Pavlakis et al . , Proc . Natl. Acad. Sci. USA , 78 : 7398-7402 

(1981)] . The immediate early promoter of the human cytomegalovirus 
is conveniently obtained as a Hindlll E restriction fragment 
[Greenaway et al . , Gene, 113:355-360 (1982).]. A system for 
expressing DNA in mammalian hosts using the bovine papilloma virus 

20 as a vector is disclosed in U.S. Patent No. 4,419,446. A 
modification of this system is described in U.S. Patent No. 
4,601,978 [See also Gray et al., Nature , 295 : 503-508 (1982) on 
expressing cDNA encoding immune interferon in monkey cells; Reyes 
et al., Nature, 297 ; 598-601 (1982) on expression of human /3- 

25 interferon cDNA in mouse cells under the control of a thymidine 
kinase promoter from herpes simplex virus; Canaani and Berg, Proc . 
Natl. Acad. Sci. USA 79:5166-5170 (1982) on expression of the human 
interferon (31 gene in cultured mouse and rabbit cells; and Gorman 
et al., Proc. Natl. Acad. Sci. USA , 79:6777-6781 (1982) on 

30 expression of bacterial CAT sequences in CV-1 monkey kidney cells, 
chicken embryo fibroblasts, Chinese hamster ovary cells, HeLa 
cells, and mouse NIH-3T3 cells using the Rous sarcoma virus long 
terminal repeat as a promoter] . . * : . 





(v) Enhancer Element Component 
35 Transcription of a DNA encoding the Apo-2 of this 
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invention by higher eukaryotes may be increased by inserting ^an 
enhancer sequence into the vector. Enhancers are cis-acting 
elements of DNA, usually about from 10 to 300 bp, that act on a 
promoter to increase its transcription. Enhancers are relatively 
5 orientation and position independent, having been found 5' [Laimins 
etal., Proc. Natl. Acad. Sci. USA , 78:993 (1981]) and 3' [Lusky et 
al., Mol. Cell Bio. , 3:1108 (1983]) to the transcription unit, 
within an intron [Banerji et al . , Cell , 3_3:729 (1983)], as well as 
within the coding sequence itself [Osborne et al., Mol . Cell Bio . , 
10 4:1293 (1984)]. Many enhancer sequences are now known from 
mammalian genes (globin, elastase, albumin, a~ fetoprotein, and 
insulin) . Typically, however, one will use an enhancer from a 
eukaryotic cell virus. Examples include the SV40 enhancer on the 
late side of the replication origin (bp 100-270) , the 
15 cytomegalovirus early promoter enhancer, the polyoma enhancer on 
the late side of the replication origin, and adenovirus enhancers. 
See also Yaniv, Nature, 297 : 17-18 (1982) on enhancing elements for 
activation of eukaryotic promoters. The enhancer may be spliced 
into the vector at a position 5' or 3 ' to the Apo-2 coding 
20 sequence, but is preferably located at a site 5' from the promoter. 

(vi) Transcription Termination Component 
Expression vectors used in eukaryotic host cells (yeast, 

fungi, insect, plant, animal, human, or nucleated cells from other 
multicellular organisms) will also contain sequences necessary for 

25 the termination of transcription and for stabilizing the mRNA. 

Such sequences are commonly available from the 5' and, occasionally 
3', untranslated regions of eukaryotic or viral DNAs or cDNAs . 
These regions contain nucleotide segments transcribed as 
polyadenylated fragments in the untranslated portion of the mRNA 

30 encoding Apo-2. 

(vii) Construction and Analysis of Vectors 
Construction of suitable vectors containing one or more 

of the above-listed components employs standard ligation 
techniques. Isolated plasmids or DNA fragments are cleaved, 
35 tailored, and re-ligated in the form desired to gei^apa=t| r p\^ 
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plasmids required. 

For analysis to confirm correct sequences in plasmids 
constructed, the ligation mixtures can be used to transform E. coli 
K12 strain 294 (ATCC 31,446) and successful transf ormants selected 
5 by ampicillin or tetracycline resistance where appropriate. 
Plasmids from the transf ormants are prepared, analyzed by 
restriction endonuclease digestion, and/or sequenced by the method 
of Messing et al . , Nucleic Acids Res. , 9:309 (1981) or by the 
method of Maxam et al . , Methods in Enzymolocfy , 6j5:499 (1980). 

10 (viii) Transient Expression Vectors 

Expression vectors that provide for the transient 
expression in mammalian cells of DNA encoding Apo-2 may be 
employed. In general, transient expression involves the use of an 
expression vector that is able to replicate efficiently in a host 

15 cell, such that the host cell accumulates many copies of the 
expression vector and, in turn, synthesizes high levels of a 
desired polypeptide encoded by the expression vector [Sambrook et 
al., suprei] . Transient expression systems, comprising a suitable 
expression vector and a host cell, allow for the convenient 

20 positive identification of polypeptides encoded by cloned DNAs, as 
well as for the rapid screening of such polypeptides for desired 
biological or physiological properties. Thus, transient expression 
systems are particularly useful in the invention for purposes of 
identifying Apo-2 variants. 

25 (ix) Suitable Exemplary Vertebrate Cell Vectors 

Other methods, vectors, and host cells suitable for 
adaptation to the synthesis of Apo-2 in recombinant vertebrate cell 
culture are described in Gething et al . , Nature, 293 : 620-625 
(1981); Mantei et al., Nature , 281:40-46 (1979); EP 117,060; and EP 

30 117,058. 

3 . Selection and Transformation of Host Cells 
Suitable host cells for cloning or expressing the DNA in 
the vectors herein are the prokaryote, yeast, or higher eukaryote 
cells described above. Suitable prokaryotes for this purpose 
35 include but are not limited to eubacteria, such as Gram-negative or 
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Gram-positive organisms, for example, Enterobacterial 
Escherichia, e.g., E. coli, Enterobacter , Erwinia, Klebsiella, 1 
Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., 
Serratia marcescans , and Shigella, as well as Bacilli such as B. 
5 subtilis and B. licheniformis {e.g., B. licheniformis 41P disclosed 
in DD 266,710 published 12 April 1989), Pseudo/nonas such as P. 
aeruginosa, and 5treptomyces . Preferably, the host cell should 
secrete minimal amounts of proteolytic enzymes. 

In addition to prokaryotes, eukaryotic microbes such as 

10 filamentous fungi or yeast are suitable cloning or expression hosts 
for Apo-2 -encoding vectors. Saccharomyces cerevisiae, or common 
baker's yeast, is the most commonly used among lower eukaryotic 
host microorganisms. However, a number of other genera, species, 
and strains are commonly available and useful herein. 

15 Suitable host cells for the expression of glycosylated 

Apo-2 are derived from mult icellular . organisms . Such host cells 
are capable of complex processing and glycosylat ion activities. In 
principle, any higheir eukaryotic cell culture is workable, whether 
from vertebrate or invertebrate culture. Examples of invertebrate 

20 cells include plant and insect cells. Numerous baculoviral strains 
and variants and corresponding permissive insect host cells from 
hosts such as Spodoptera frugiperda (caterpillar) , Aedes aegypti 
(mosquito) , Aedes albopictus (mosquito) , Drosophila melanogaster 
(fruitfly) , and Bombyx mori have been identified [See, e.g., Luckow 

25 et al., Bio/Technology , 6:47-55 (1988); Miller et al . , in Genetic 
Engineering , Setlow et al . , eds . , Vol. 8 (Plenum Publishing, 1986), 
pp. 277-279; and Maeda et al., Nature, 315:592-594 (1985)]. A 
variety of viral strains for transfection are publicly available, 
e.g., the L-l variant of Autographa californica NPV and the Bm-5 

3 0 strain of Bombyx mori NPV. 

Plant cell cultures of cotton, corn, potato, soybean, 
petunia, tomato, and tobacco can be utilized as hosts. Typically, 
plant cells are transfected by incubation with certain strains of 
the bacterium AgroJbacteriu/n tumefaciens . During incubation of the 

3 5 plant cell culture with A. tumefaciens , the DNA encodinc 
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can be transferred to the plant cell host such tha 




transfected, and will, under appropriate conditions, express the 
Apo- 2 -encoding DNA. In addition, regulatory and signal sequences 
compatible with plant cells are available, such as the nopaline 
synthase promoter and polyadenylation signal sequences [Depicker et 
al., J. Mol . Appl , Gen. . 1:561 (1982)]. In addition, DNA segments 
isolated from the upstream region of the T-DNA ISO gene are capable 
of activating or increasing transcription levels of plant- 
expressible genes in recombinant DNA- containing plant tissue [EP 
321, 196 published 21 June 1989]. 

Propagation of vertebrate cells in culture (tissue 
culture) is also well known in the art [See, e.g., Tissue Culture , 
Academic Press, Kruse and Patterson, editors (1973)]. Examples of 
useful mammalian host cell lines are monkey kidney CV1 line 
transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney 
line (293 or 293 cells subcloned for growth in suspension culture, 
Graham et al . , J. Gen Virol . , 36:59 (1977)); baby hamster kidney 
cells (BHK, ATCC CCL 10) ; Chinese hamster ovary cells/-DHFR (CHO, 
Urlaub and Chasin, Proc . Natl. Acad. Sci. USA , 27:4216 (1980)); 
mouse Sertoli cells (TM4, Mather, Biol . Reprod. , 23 : 243-251 
(1980)); monkey kidney cells (CV1 ATCC CCL 70); African green 
monkey kidney cells (VERO-76, ATCC CRL-1587) ; human cervical 
carcinoma cells (HELA, ATCC CCL 2) ; canine kidney cells (MDCK, ATCC 
CCL 34) ; buffalo rat liver cells (BRL 3A, ATCC CRL 1442) ; human 
lung cells (W138, ATCC CCL 75); human liver cells (Hep G2 , KB 
8065) ; mouse mammary tumor (MMT 060562, ATCC CCL51) ; TRI cells 
(Mather et al., Annals N.Y. Acad. Sci. , 283:44-68 (1982)); MRC 5 
cells; and FS4 cells. 

Host cells are transfected and preferably transformed 
with the above-described expression or cloning vectors for Apo-2 
production and cultured in conventional nutrient media modified as 
appropriate for inducing promoters, selecting transf ormants, or 
amplifying the genes encoding the desired sequences. 

Transfection refers to the taking up of an expression 
vector by a host cell whether or not any coding sequences are 6 A*%M 




fact expressed. Numerous methods of transfection are knowir 
ordinarily skilled artisan, for example, CaP0 4 and electroporat ion {/ 
Successful transfection is generally recognized when any indication 
of the operation of this vector occurs within the host cell. 
5 Transformation means introducing DNA into an organism so 

that the DNA is replicable, either as an extrachromosomal element 
or by chromosomal integrant. Depending on the host cell used, 
transformation is done using standard techniques appropriate to 
such cells. The calcium treatment employing calcium chloride, as 

10 described in Sambrook et al . , supra , or electroporat ion is 
generally used for prokaryotes or other cells that contain 
substantial cell -wall barriers. Infection with Agrobacterium 
tumefaciens is used for transformation of certain plant cells, as 
described by Shaw et al . , Gene , 23:315 (1983) and WO 89/05859 

15 published 29 June 1989. In addition, plants may be transfected 
using ultrasound treatment as described in WO 91/00358 published 10 
January 1991. 

For mammalian cells without such cell walls, the calcium 
phosphate precipitation method of Graham and van der Eb, Virology , 

20 52:456-457 (1978) is preferred. General aspects of mammalian cell 
host system transformations have been described in U.S. Pat. No. 
4,399,216. Transformations into yeast are typically carried out 
according to the method of Van Solingen et al . , J. Bact . , 130:946 
(1977) and Hsiao et al . , Proc. Natl. Acad. Sci. (USA) , 76:3829 

25 (1979) . However, other methods for introducing DNA into cells, 
such as by nuclear microinjection, electroporation, bacterial 
protoplast fusion with intact cells, or polycations, e.g., 
polybrene, polyornithine , may also be used. For various techniques 
for transforming mammalian cells, see Keown et al . , Methods in 

30 Enzvmology , 185 :527-537 (1990) and Mansour et al., Nature , 336:348- 
352 (1988) . 

4 . Culturing the Host Cells 

Prokaryotic cells used to produce Apo-2 may be cultured 
in suitable media as described generally in Sambrook et al., supra . 
3 5 The mammalian host cells used to produce Apo-2 may be 
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cultured in a variety of media. Examples of commercially available 
media include Ham's F10 (Sigma), Minimal Essential Medium ("MEM", 
Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's Medium 
("DMEM" , Sigma). Any such media may be supplemented as necessary 
5 with hormones and/or other growth factors (such as insulin, 
transferrin, or epidermal growth factor) , salts (such as sodium 
chloride, calcium, magnesium, and phosphate) , buffers (such as 
HEPES) , nucleosides (such as adenosine and thymidine) , antibiotics 
(such as Gentamycin™ drug) , trace elements (defined as inorganic 
10 compounds usually present at final concentrations in the micromolar 
range) , and glucose or an equivalent energy source. Any other 
necessary supplements may also be included at appropriate 
concentrations that would be known to those skilled in the art. 
The culture conditions, such as temperature, pH, and the like, are 
15 those previously used with the host cell selected for expression, 
and will be apparent to the ordinarily skilled artisan. 

In general, principles, protocols, and practical 
techniques for maximizing the productivity of mammalian cell 
cultures can be found in Mammalian Cell Biotechnology: a Practical 
20 Approach , M. Butler, ed . (IRL Press, 1991) . 

The host cells referred to in this disclosure encompass 
cells in culture as well as cells that are within a host animal. 
5 . Detecting Gene Amplification/Expression 
Gene amplification and/or expression may be measured in 

2 5 a sample directly, for example, by conventional Southern blotting, 

Northern blotting to quant itate the transcription of mRNA [Thomas, 
Proc. Natl. Acad. Sci. USA , 77:5201-5205 (1980)], dot blotting (DNA 
analysis) , or in situ hybridization, using an appropriately labeled 
probe, based on the sequences provided herein. Various labels may 

3 0 be employed, most commonly radioisotopes, and particularly 32 P. 

However, other techniques may also be employed, such as using 
biotin-modif ied nucleotides for introduction into a polynucleotide. 
The biotin then serves as the site for binding to avidin or 
antibodies, which may be labeled with a wide variety of labels, 
35 such as radionucleotides, fluorescers or enzymes. Alternatively, 
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antibodies may be employed that can recognize specific duple^^^^^ 
including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes 
or DNA-protein duplexes. The antibodies in turn may be labeled and 
the assay may be carried out where the duplex is bound to a 
5 surface, so that upon the formation of duplex on the surface, the 
presence of antibody bound to the duplex can be detected. 

Gene expression, alternatively, may be measured by 
immunological methods, such as immunohistochemical staining of 
cells or tissue sections and assay of cell culture or body fluids, 

10 to quantitate directly the expression of gene product. With 
immunohistochemical staining techniques, a cell sample is prepared, 
typically by dehydration and fixation, followed by reaction with 
labeled antibodies specific for the gene product coupled, where the 
labels are usually visually detectable, such as enzymatic labels, 

15 fluorescent labels, or luminescent labels. 

Antibodies useful for immunohistochemical staining and/or 
assay of sample fluids may be either monoclonal or polyclonal, and 
may be prepared in any mammal. Conveniently, the antibodies may be 
prepared against a native sequence Apo-2 polypeptide or against a 

20 synthetic peptide based on the DNA sequences provided herein or 
against exogenous sequence fused to Apo-2 DNA and encoding a 
specific antibody epitope. 

6 . Purification of Apo-2 Polypeptide 

Forms of Apo-2 may be recovered from culture medium or 
25 from host cell lysates. If the Apo-2 is membrane -bound, it can be 
released from the membrane using a suitable detergent solution 
(e.g. Triton-X 100) or its extracellular domain may be released by 
enzymatic cleavage . 

When Apo-2 is produced in a recombinant cell other than 
3 0 one of human origin, the Apo-2 is free of proteins or polypeptides 
of human origin. However, it may be desired to purify Apo-2 from 
recombinant cell proteins or polypeptides to obtain preparations 
that are substantially homogeneous as to Apo-2. As a first step, 
the culture medium or lysate may be centrifuged to remove 
35 particulate cell debris. Apo-2 thereafter is^^u^fci&d«pife|om 
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contaminant soluble proteins and polypeptides, with the 
procedures being exemplary of suitable purification prod^mtf^p^l 
fractionation on an ion-exchange column; ethanol precipitation; 
reverse phase HPLC; chromatography on silica or on a cation - 
5 exchange resin such as DEAE; chromatof ocusing; SDS-PAGE; ammonium 
sulfate precipitation; gel filtration using, for example, Sephadex 
G-75; and protein A Sepharose columns to remove contaminants such 
as IgG. 

Apo-2 variants in which residues have been deleted, 

10 inserted, or substituted can be recovered in the same fashion as 
native sequence Apo-2, taking account of ' changes in properties 
occasioned by the variation. For example, preparation of an Apo-2 
fusion with another protein or polypeptide, e.g., a bacterial or 
viral antigen, immunoglobulin sequence, or receptor sequence, may 

15 facilitate purification; an immunoaf f inity column containing 
antibody to the sequence can be used to adsorb the fusion 
polypeptide. Other types of affinity matrices also can be used. 

A protease inhibitor such as phenyl methyl sulfonyl 
fluoride (PMSF) also may be useful to inhibit proteolytic 

20 degradation during purification, and antibiotics may be included to 
prevent the growth of adventitious contaminants. One skilled in 
the art will appreciate that purification methods suitable for 
native sequence Apo-2 may require modification to account for 
changes in the character of Apo-2 or its variants upon expression 

25 in recombinant cell culture. 

7 . Covalent Modifications of Apo-2 Polypeptides 

Covalent modifications of Apo-2 are included within the 
scope of this invention. One type of covalent modification of the 
Apo-2 is introduced into the molecule by reacting targeted amino 

30 acid residues of the Apo-2 with an organic derivatizing agent that 
is capable of reacting with selected side chains or the N- or C- 
terminal residues of the Apo-2. 

Derivatization with bifunctional agents is useful for 
crosslinking Apo-2 to a water-insoluble support matrix or surface 

35 for use in the method for purifying anti-Apo-2 antibodies, and 
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vice-versa. Derivatization with one or more bifunctional ag< 



will also be useful for crosslinking Apo-2 molecules to generate 
Apo-2 dimers. Such dimers may increase binding avidity and extend 
half-life of the molecule in vivo. Commonly used crosslinking 
5 agents include, e.g., 1, 1-bis (diazoacetyl ) -2 -phenylethane , 
glutaraldehyde, N-hydroxysuccinimide esters, for example, esters 
with 4-azidosalicylic acid, homobifunctional imidoesters, including 
disuccinimidyl esters such as 3 , 3 ' -dithiobis (succinimidyl- 
propionate) , and bifunctional maleimides such as, bis-N-maleimido- 

10 1,8-octane. Derivatizing agents such as methyl-3 - [ (p-azidophenyl ) - 
dithio] propioimidate yield photoactivatable intermediates that are 
capable of forming crosslinks in the presence of light. 
Alternatively, reactive water- insoluble matrices such as cyanogen 
bromide -activated carbohydrates and the reactive substrates 

15 described in U.S. Patent Nos . 3,969,287; 3,691,016; 4,195,128; 

4,247,642; 4,229,537; and 4,330,440 are employed for protein 
immobilization. 

Other modifications include deamidation of glutaminyl and 
asparaginyl residues to the corresponding glutamyl and aspartyl 

20 residues, respectively, hydroxylation of proline and lysine, 
phosphorylation of hydroxyl groups of seryl or threonyl residues, 
methylation of the a-amino groups of lysine, arginine, and 
histidine side chains [T . E . Creighton, Proteins : Structure and 
Molecul ar Properties , W.H1 Freeman & Co., San Francisco, pp. 79-86 

25 (1983)] , acetylation of the N-terminal amine, and amidation of any 

C- terminal carboxyl group. The modified forms of the residues fall 
within the scope of the present invention. 

Another type of covalent modification of the Apo-2 
polypeptide included within the scope of this invention comprises 

3 0 altering the native glycosylation pattern of the polypeptide. 

"Altering the native glycosylation pattern" is intended for 
purposes herein to mean deleting one or more carbohydrate moieties 
found in native sequence Apo-2, and/or adding one or more 
glycosylation sites that are not present in the native sequence 

3 5 Apo-2. 



-36- 





Glycosylation of polypeptides is typically eitl 
linked or O-linked. N-linked refers to the attachment of the 
carbohydrate moiety to the side chain of an asparagine residue. 
The tripeptide sequences asparagine-X~serine and asparagine-X- 
5 threonine, where X is any amino acid except proline, are the 
recognition sequences for enzymatic attachment of the carbohydrate 
moiety to the asparagine side chain. Thus, the presence of either 
of these tripeptide sequences in a polypeptide creates a potential 
glycosylation site. O-linked glycosylation refers to the 

10 attachment of one of the sugars N-aceylgalactosamine , galactose, or 
xylose to a hydroxylamino acid, most commonly serine or threonine, 
although 5 -hydroxyproline or 5 -hydroxy lysine may also be used. 

Addition of glycosylation sites to the Apo-2 polypeptide 
may be accomplished by altering the amino acid sequence such that 

15 it contains one or more of the above-described tripeptide sequences 
(for N-linked glycosylation sites) . The alteration may also be 
made by the addition of, or substitution by, one or more serine or 
threonine residues to the native sequence Apo-2 (for O-linked 
glycosylation sites) . The Apo-2 amino acid sequence may optionally 

20 be altered through changes at the DNA level, particularly by 
mutating the DNA encoding the Apo-2 polypeptide at preselected 
bases such that codons are generated that will translate into the 
desired amino acids. The DNA mutation (s) may be made using methods 
described above and in U.S. Pat. No. 5,364,934, supra . 

25 Another means of increasing the number of carbohydrate 

moieties on the Apo-2 polypeptide is by chemical or enzymatic 
coupling of glycosides to the polypeptide. Depending on the 
coupling mode used, the sugar (s) may be attached to (a) arginine 
and histidine, (b) free carboxyl groups, (c) free sulfhydryl groups 

30 such as those of cysteine, (d) free hydroxyl groups such as those 
of serine, threonine, or hydroxyproline, (e) aromatic residues such 
as those of phenylalanine, tyrosine, or tryptophan, or (f) the 
amide group of glutamine. These methods are described in WO 
87/05330 published 11 September 1987, and in Aplin and Wriston, CRC 

35 Crit. Rev. Biochem. f pp. 259-306 (1981) . 



-37- 



.uinrtL 



Removal of carbohydrate moieties present on the 
polypeptide may be accomplished chemically or enzymat ically 




mutational substitution of codons encoding for amino acid residue" 
that serve as targets for glycosylation . For instance, chemical 
5 deglycosylation by exposing the polypeptide to the compound 
trif luoromethanesulf onic acid, or an equivalent compound can result 
in the cleavage of most or all sugars except the linking sugar (N- 
acetylglucosamine or N-acetylgalactosamine) , while leaving the 
polypeptide intact. Chemical deglycosylation is described by 
10 Hakimuddin, et al . , Arch. Biochem. Biophys. , 259 : 52 (1987) and by 
Edge et al . , Anal . Biochem. , 118 : 131 (1981) . Enzymatic cleavage of 
carbohydrate moieties on polypeptides can be achieved by the use of 
a variety of endo- and exo-glycosidases as described by Thotakura 
et al., Meth. Enzymol . , 138 : 350 (1987). 
15 Glycosylation at potential glycosylation sites may be 

prevented by the use of the compound tunicamycin as described by 
Duskin et al . , J. Biol . Chem. , 257 : 3105 (1982) . Tunicamycin blocks 
the formation of protein-N-glycoside linkages. 

Another type of covalent modification of Apo-2 comprises 
20 linking the Apo-2 polypeptide to one of a variety of 
nonproteinaceous polymers, e.g., polyethylene glycol , polypropylene 
glycol, or polyoxyalkylenes , in the manner set forth in U.S. Patent 
Nos. 4,640,835; 4,496,689; 4,301,144; 4,670,417; 4,791,192 or 
4,179,337. 

2 5 8 . Apo-2 Chimeras 

The present invention also provides chimeric molecules 
comprising Apo-2 fused to another, heterologous polypeptide or 
amino acid sequence. 

In one embodiment, the chimeric molecule comprises a 

3 0 fusion of the Apo-2 with a tag polypeptide which provides an 

epitope to which an ant i- tag antibody can selectively bind. The 
epitope tag is generally placed at the amino- or carboxyl- terminus 
of the Apo-2. The presence of such epitope- tagged forms of the 
Apo-2 can be detected using an antibody against the tag 

po-2 



35 polypeptide. Also, provision of the epitope ta 
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to be readily purified by affinity purification using an anti-tag 
antibody or another type of affinity matrix that binds to the 
epitope tag. 



are well known in the art. Examples include the flu HA tag 
polypeptide and its antibody 12CA5 [Field et al., Mol . Cell. Biol. , 
8:2159-2165 (1988)]; the c-myc tag and the 8F9, 3C7, 6E10, G4 , B7 
and 9E10 antibodies thereto [Evan et al . , Molecular and Cellular 
Biology, 5:3610-3616 (1985)]; and the Herpes Simplex virus 
glycoprotein D (gD) tag and its antibody [Paborsky et al . , Protein 
Engineering, 3(6) : 547-553 (1990)] . Other tag polypeptides include 
the Flag-peptide [Hopp et al ., BioTechnolocrv , 6:1204-1210 (1988)]; 
the KT3 epitope peptide [Martin et al . , Science , 255 : 192-194 
(1992)]; an a-tubulin epitope peptide [Skinner et al . , J. Biol. 
Chem . , 266:15163-15166 (1991)]; and the T7 gene 10 protein peptide 
tag [Lutz-Freyermuth et al . , Proc. Natl. Acad. Sci. USA , 87:6393- 
6397 (1990)]. Once the tag polypeptide has been selected, an 
antibody thereto can be generated using the techniques disclosed 
herein . 

Generally, epitope- tagged Apo-2 may be constructed and 
produced according to the methods described above. Epitope- tagged 
Apo-2 is also described in the Examples below. Apo-2 -tag 
polypeptide fusions are preferably constructed by fusing the cDNA 
sequence encoding the Apo-2 portion in- frame to the tag polypeptide 
DNA sequence and expressing the resultant DNA fusion construct in 
appropriate host cells. Ordinarily, when preparing the Apo-2-tag 
polypeptide chimeras of the present invention, nucleic acid 
encoding the Apo-2 will be fused at its 3' end to nucleic acid 
encoding the N-terminus of the tag polypeptide, however 5' fusions 
are also possible. For example, a polyhistidine sequence of about 
5 to about 10 histidine residues may be fused at the N- terminus or 
the C- terminus and used as a purification handle in affinity 
chromatography . 

Epitope -tagged Apo-2 can be purified by affinity 
chromatography using the anti -tag antibody. The matrix to which 
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the affinity antibody is attached may include, for instance*, 
agarose, controlled pore glass or poly (styrenedivinyl) benzene . The 
epitope -tagged Apo-2 can then be eluted from the affinity column 
using techniques known in the art. 
5 In another embodiment, the chimeric molecule comprises an 

Apo-2 polypeptide fused to an immunoglobulin sequence. The 
chimeric molecule may also comprise a particular domain sequence of 
Apo-2, such as the extracellular domain sequence of native Apo-2 
fused to an immunoglobulin sequence. This includes chimeras in 
10 monomeric, homo- or heteromultimeric, and particularly homo- or 
heterodimeric, or -tetrameric forms; optionally, the chimeras may 
be in dimeric forms or homodimeric heavy chain forms. Generally, 
these assembled immunoglobulins will have known unit structures as 
represented by the following diagrams. 

15 
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A basic four chain structural unit is the form in which 
IgD, and IgE exist. A four chain unit is repeated in the 

40 higher molecular weight immunoglobulins; IgM generally exists as a 
pentamer of basic four-chain units held together by disulfide 
bonds. IgA globulin, and occasionally IgG globulin, may also exist 
in a multimeric form in serum. In the case of multimers, each four 
chain unit may be the same or different. 

45 The following diagrams depict some exemplary monomer, 

homo- and heterodimer and homo- and heteromultimer structures. 
These diagrams are merely illustrative, and the chains of the 
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multimers are believed to be disulfide bonded in the same fashion 
as native immunoglobulins. . 



10 



monomer : 



homodimer : 



\_ 

r 



Cr or C H 



_C L or C H 
Cr, or C H 




15 



20 



25 



heterodimer : 



homotetramer : 



\ 

/ 

X 

A 

A \ 
\ " 



/ 

A /" 
A 



_C L or C H 
_C L or C H 



C L or C H 
_C L or C H 



30 



35 



heterotetramer : 



and 



A 

A \ C L 
\ 



x / 
X 



_C L or C H 
C L or C H 



40 



45 



\ C L 



/ 

a r 

X 



_C L or C H 
C, or C H 



50 



In the foregoing diagrams, "A" means an Apo-2 sequence or 
an Apo-2 sequence fused to a heterologous sequence; X is an 
additional agent, which may be the same as A or different, a 
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portion of an immunoglobulin superfamily member such 




ar/yable 



region or a variable region-like domain, including a native or 
chimeric immunoglobulin variable region, a toxin such a pseudomonas 
exotoxin or ricin, or a sequence functionally binding to another 
protein, such as other cytokines (i.e., IL-1, interf eron-y) or cell 
surface molecules (i.e., NGFR, CD40, OX40, Fas antigen, T2 proteins 
of Shope and myxoma poxviruses) , or a polypeptide therapeutic agent 
not otherwise normally associated with a constant domain; Y is a 
linker or another receptor sequence; and V L , V H , C L and C H represent 
light or heavy chain variable or constant domains of an 
immunoglobulin. Structures comprising at least one CRD of an Apo-2 
sequence as "A" and another cell-surface protein having a 
repetitive pattern of CRDs (such as TNFR) as "X n are specifically 
included . 

It will be understood that the above diagrams are merely 
exemplary of the possible structures of the chimeras of the present 
invention, and do not encompass all possibilities. For example, 
there might desirably be several different n A f, s, "X fl s # or "Y f, s in 
any of these constructs. Also, the heavy or light chain constant 
domains may be originated from the same or different 
immunoglobulins. All possible permutations of the illustrated and 
similar structures are all within the scope of the invention 
herein. 



25 a fashion similar to chimeric antibodies in which a variable domain 
from an antibody of one species is substituted for the variable 
domain of another species. See, for example, EP 0 125 023 ; EP 
173,494; Munro, Nature , 312:597 (13 December 1984); Neuberger et 
al., Nature . 312:604-608 (13 December 1984); Sharon et al . , Nature , 

30 309 :364~367 (24 May 1984); Morrison et al., Proc . Nat'l. Acad. Sci . 

USA, 81:6851-6855 (1984); Morrison et al . , Science , 229:1202-1207 
(1985); Boulianne et al., Nature , 312 : 643-646 (13 December 1984); 
Capon et al . , Nature, 337:525-531 (1989); Traunecker et al . , 
Nature, 339 : 68-70 (1989) . 

35 Alternatively, the chimeric molecules may be constructed 
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In general, the chimeric molecules can be constructed in 




as follows. The DNA including a region encoding the desii^d 
sequence, such as an Apo-2 and/or TNFR sequence, is cleaved by a 
restriction enzyme at or proximal to the 3' end of the DNA encoding 
the immunoglobulin- like domain (s) and at a point at or near the DNA 
5 encoding the N- terminal end of the Apo-2 or TNFR polypeptide (where 
use of a different leader is contemplated) or at or proximal to the 
N-terminal coding region for TNFR (where the native signal is 
employed) . This DNA fragment then is readily inserted proximal to 
DNA encoding an immunoglobulin light or heavy chain constant region 

10 and, if necessary, the resulting construct tailored by deletional 
mutagenesis. Preferably, the Ig is a human immunoglobulin when the 
chimeric molecule is intended for in vivo therapy for humans. DNA 
encoding immunoglobulin light or heavy chain constant regions is 
known or readily available from cDNA libraries or is synthesized. 

15 See for example, Adams et al . , Biochemistry , 19:2711-2719 (1980); 

Gough et al., Biochemistry , 19:2702-2710 (1980); Dolby et al . , 
Proc. Natl. Acad. Sci . . USA , 77:6027-6031 (1980); Rice et al., 
Proc. Natl. Acad. Sci. , 79:7862-7865 (1982); Falkner et al . , 
Nature, 2^8:286-288 (1982); and Morrison et al . , Ann . Rev . 

20 Immunol . , 2:239-256 (1984). 

Further details of how to prepare such fusions are found 
in publications concerning the preparation of immunoadhesins . 
Immunoadhesins in general, and CD4-Ig fusion molecules specifically 
are disclosed in WO 89/02922, published 6 April 1989) . Molecules 

25 comprising the extracellular portion of CD4 , the receptor for human 
immunodeficiency virus (HIV) , linked to IgG heavy chain constant 
region are known in the art and have been found to have a markedly 
longer half -life and lower clearance than the soluble extracellular 
portion of CD4 [Capon et al . , supra ; Byrn et al . , Nature, 344 : 667 

30 (1990)]. The construct ion of specific chimeric TNFR-IgG molecules 

is also described in Ashkenazi et al . Proc. Natl. Acad. Sci. . 
88.:10535-10539 (1991); Lesslauer et al . f J. Cell. Biochem. 
Supplement 15F , 1991, p. 115 (P 432)]; and Peppel and Beutler, J. 
Cell. Biochem. Supplement 15F , 1991, p. 118 (P 4 ?^|]£f f^Qj'TI jM 
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B. Therapeutic and Non- therapeutic Uses for Apo-2 

Apo-2, as disclosed in the present specification, can be 
employed therapeutically to induce apoptosis in mammalian cells. 
This therapy can be accomplished for instance, using in vivo or ex 
5 vivo gene therapy techniques and includes the use of the death 
domain sequences disclosed herein. The Apo-2 chimeric molecules 
(including the chimeric molecules containing the extracellular 
domain sequence of Apo-2) comprising immunoglobulin sequences can 
also be employed therapeutically to inhibit apoptosis or NF-kB 
10 induction by Apo-2L or by another ligand that Apo-2 binds to. 

The Apo-2 of the invention also has utility in non- 
therapeutic applications. Nucleic acid sequences encoding the Apo- 
2 may be used as a diagnostic for tissue-specific typing. For 
example, procedures like in situ hybridization, Northern and 
15 Southern blotting, and PCR analysis may be used to determine 
whether DNA and/or RNA encoding Apo-2 is present in the cell 
type(s) being evaluated. Apo-2 nucleic acid will also be useful 
for the preparation of Apo-2 by the recombinant techniques 
described herein. 

20 The isolated Apo-2 may be used in quantitative diagnostic 

assays as a control against which samples containing unknown 
quantities of Apo-2 may be prepared. Apo-2 preparations are also 
useful in generating antibodies, as standards in assays for Apo-2 
(e.g., by labeling Apo-2 for use as a standard in a 

25 radioimmunoassay, radioreceptor assay, or enzyme-linked 
immunoassay) , in affinity purification techniques, and in 
competitive -type receptor binding assays when labeled with, for 
instance, radioiodine, enzymes, or f luorophores . 

Modified forms of the Apo-2, such as the Apo-2- IgG 

30 chimeric molecules (immunoadhesins) described above, can be used as 
immunogens in producing anti-Apo-2 antibodies. 

Nucleic acids which encode Apo-2 or its modified forms 
can also be used to generate either transgenic animals or "knock 
out" animals which, in turn, are useful in the development and 

35 screening of therapeutically useful reagents. A transgenic animal 
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(e.g., a mouse or rat) is an animal having cells that contai^^y 
transgene, which transgene was introduced into the animal or an 
ancestor of the animal at a prenatal, e.g., an embryonic stage. A 
transgene is a DNA which is integrated into the genome of a cell 
from which a transgenic animal develops. In one embodiment, cDNA 
encoding Apo-2 or an appropriate sequence thereof (such as Apo-2 - 
IgG) can be used to clone genomic DNA encoding Apo-2 in accordance 
with established techniques and the genomic sequences used to 
generate transgenic animals that contain cells which express DNA 
encoding Apo-2. Methods for generating transgenic animals, 
particularly animals such as mice or rats, have become conventional 
in the art and are described, for example, in U.S. Patent Nos . 
4,736,866 and 4,870,009. Typically, particular cells would be 
targeted for Apo-2 transgene incorporation with tissue-specific 
enhancers. Transgenic animals that include a copy of a transgene 
encoding Apo-2 introduced into the germ line of the animal at an 
embryonic stage can be used to examine the effect of increased 
expression of DNA encoding Apo-2. Such animals can be used as 
tester animals for reagents thought to confer protection from, for 
example, pathological conditions associated with excessive 
apoptosis. In accordance with this facet of the invention, an 
animal is treated with the reagent and a reduced incidence of the 
pathological condition, compared to untreated animals bearing the 
transgene, would indicate a potential therapeutic intervention for 
the pathological condition. In another embodiment, transgenic 
animals that carry a soluble form of Apo-2 such as the Apo-2 ECD or 
an immunoglobulin chimera of such form could be constructed to test 
the effect of chronic neutralization of Apo-2L, a ligand of Apo-2. 

Alternatively, non-human homologues of Apo-2 can be used 
to construct an Apo-2 "knock out" animal which has a defective or 
altered gene encoding Apo-2 as a result of homologous recombination 
between the endogenous gene encoding Apo-2 and altered genomic DNA 
encoding Apo-2 introduced into an embryonic cell of the animal. 
For example, cDNA encoding Apo-2 can be used to clone genomic DNA 
encoding Apo-2 in accordance with established techniques., A 



portion of the genomic DNA encoding Apo-2 can be 
replaced with another gene, such as a gene encoding a selectable 
marker which can be used to monitor integration. Typically, 
several kilobases of unaltered flanking DNA (both at the 5' and 3' 
5 ends) are included in the vector [see e.g., Thomas and Capecchi, 
Cell , 51:503 (1987) for a description of homologous recombination 
vectors] . The vector is introduced into an embryonic stem cell 
line (e.g., by electroporation) and cells in which the introduced 
DNA has homologously recombined with the endogenous DNA are 

10 selected [see e.g., Li et al., Cell , 69:915 (1992)]. The selected 
cells are then injected into a blastocyst of an animal (e.g., a 
mouse or rat) to form aggregation chimeras [see e.g., Bradley, in 
Teratocarcinomas and Embryonic Stew Cells: A Practical Approach, E. 
J. Robertson, ed. (IRL, Oxford, 1987), pp. 113-152]. A chimeric 

15 embryo can then be implanted into a suitable pseudopregnant female 
foster animal and the embryo brought to term to create a "knock 
out" animal. Progeny harboring the homologously recombined DNA in 
their germ cells can be identified by standard techniques and used 
to breed animals in which all cells of the animal contain the 

20 homologously recombined DNA. Knockout animals can be characterized 
for instance, for their ability to defend against certain 
pathological conditions and for their development of pathological 
conditions due to absence of the Apo-2 polypeptide, including for 
example, development of tumors. 

25 C. Anti -Apo-2 Antibody Preparation 

The present invention further provides anti-Apo-2 
antibodies. Antibodies against Apo-2 may be prepared as follows. 
Exemplary antibodies include polyclonal, monoclonal, humanized, 
bispecific, and heterocon jugate antibodies. 

3 0 1 . Polyclonal Antibodies 

The Apo-2 antibodies may comprise polyclonal antibodies. 
Methods of preparing polyclonal antibodies are known to the skilled 
artisan. Polyclonal antibodies can be raised in a mammal, for 
example, by one or more injections of an immunizing agent and, if 

35 desired, an adjuvant. Typically, the immunizing agent and/or 




adjuvant will be injected in the mammal by multiple subcutaife21^f& 
intraperitoneal injections. The immunizing agent may include the 
Apo-2 polypeptide or a fusion protein thereof. An example of a 
suitable immunizing agent is a Apo-2-IgG fusion protein or chimeric 
molecule (including an Apo-2 ECD-IgG fusion protein) . Cells 
expressing Apo-2 at their surface may also be employed. It may be 
useful to conjugate the immunizing agent to a protein known to be 
immunogenic in the mammal being immunized. Examples of such 
immunogenic proteins which may be employed include but are not 
limited to keyhole limpet hemocyanin, serum albumin, bovine 
thyroglobulin, and soybean trypsin inhibitor. An aggregating agent 
such as alum may also be employed to enhance the mammal's immune 
response. Examples of adjuvants which may be employed include 
Freund's complete adjuvant and MPL-TDM adjuvant (monophosphoryl 
Lipid A, synthetic trehalose dicorynomycolate) . The immunization 
protocol may be selected by one skilled in the art without undue 
experimentation. The mammal can then be bled, and the serum 
assayed for antibody titer. If desired, the mammal can be boosted 
until the antibody titer increases or plateaus. 
2 . Monoclonal Antibodies 

The Apo-2 antibodies may, alternatively, be monoclonal 
antibodies. Monoclonal antibodies may be prepared using hybridoma 
methods, such as those described by Kohler and Milstein, supra . In 
a hybridoma method, a mouse, hamster, or other appropriate host 
animal, is typically immunized (such as described above) with an 
immunizing agent to elicit lymphocytes that produce or are capable 
of producing antibodies that will specifically bind to the 
immunizing agent. Alternatively, the lymphocytes may be immunized 
in vitro. 

The immunizing agent will typically include the Apo-2 
polypeptide or a fusion protein thereof. An example of a suitable 
immunizing agent is a Apo-2 -IgG fusion protein or chimeric 
molecule. Cells expressing Apo-2 at their surface may also be 
employed. Generally, either peripheral blood lymphocytes ("PBLs") 
are used if cells of human origin are desired, or spleen cells or 





lymph node cells are used if non-human mammalian sdtxx^^l/^ck 
desired. The lymphocytes are then fused with an immortalized cell 
line using a suitable fusing agent, such as polyethylene glycol, to 
form a hybridoma cell [Goding, Monoclonal Antibodies: Principles 
and Practice , Academic Press, (1986) pp. 59-103] . Immortalized 
cell lines are usually transformed mammalian cells, particularly 
myeloma cells of rodent, bovine and human origin. Usually, rat or 
mouse myeloma cell lines are employed. The hybridoma cells may be 
cultured in a suitable culture medium that preferably contains one 
or more substances that inhibit the growth or survival of the 
unfused, immortalized cells. For example, if the parental cells 
lack the enzyme hypoxanthine guanine phosphoribosyl transferase 
(HGPRT or HPRT) , the culture medium for the hybridomas typically 
will include hypoxanthine, aminopterin, and thymidine ( "HAT 
medium"), which substances prevent the growth of HGPRT -deficient 
cells. 

Preferred immortalized cell lines are those that fuse 
efficiently, support stable high level expression of antibody by 
the selected antibody-producing cells, and are sensitive to a 
medium such as HAT medium. More preferred immortalized cell lines 
are murine myeloma lines, which can be obtained, for instance, from 
the Salk Institute Cell Distribution Center, San Diego, California 
and the American Type Culture Collection, Rockville, Maryland. 
Human myeloma and mouse-human heteromyeloma cell lines also have 
been described for the production of human monoclonal antibodies 
[Kozbor, J. Immunol . , 133 : 3001 (1984); Brodeur et al . , Monoclonal 
Antibody Production Techniques and Applications , Marcel Dekker, 
Inc., New York, (1987) pp. 51-63]. 

The culture medium in which the hybridoma cells are 
cultured can then be assayed for the presence of monoclonal 
antibodies directed against Apo-2. Preferably, the binding 
specificity of monoclonal antibodies produced by the hybridoma 
cells is determined by immunoprecipitation or by an in vitro 
binding assay, such as radioimmunoassay (RIA) or enzyme-linked 
immunoabsorbent assay (ELISA) . Such techniques and assays are 
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known in the art. The binding affinity of the monocl^n4(^ 
can, for example, be determined by the Scatchard analysis of Munson 
and Pollard, Anal. Biochem. , 107 :220 (1980). 

After the desired hybridoma cells are identified, the 
5 clones may be subcloned by limiting dilution procedures and grown 
by standard methods [Goding, supra 1 . Suitable culture media for 
this purpose include, for example, Dulbecco's Modified Eagle's 
Medium and RPMI-1640 medium. Alternatively, the hybridoma cells 
may be grown in vivo as ascites in a mammal. 
10 The monoclonal antibodies secreted by the subclones may 

be isolated or purified from the culture medium or ascites fluid by 
conventional immunoglobulin purification procedures such as, for 
example, protein A-Sepharose, hydroxylapat ite chromatography, gel 
electrophoresis, dialysis, or affinity chromatography. 
15 The monoclonal antibodies may also be made by recombinant 

DNA methods, such as those described in U.S. Patent No. 4,816,567. 
DNA encoding the monoclonal antibodies of the invention can be 
readily isolated and sequenced using conventional procedures (e.g. , 
by using oligonucleotide probes that are capable of binding 
20 specifically to genes encoding the heavy and light chains of murine 
antibodies) . The hybridoma cells of the invention serve as a 
preferred source of such DNA. Once isolated, the DNA may be placed 
into expression vectors, which are then transfected into host cells 
such as simian COS cells, Chinese hamster ovary (CHO) cells, or 
25 myeloma cells that do not otherwise produce immunoglobulin protein, 
to obtain the synthesis of monoclonal antibodies in the recombinant 
host cells. The DNA also may be modified, for example, by 
substituting the coding sequence for human heavy and light chain 
constant domains in place of the homologous murine sequences [U.S. 
30 Patent No. 4,816,567; Morrison et al . , supra l or by covalently 
joining to the immunoglobulin coding sequence all or part of the 
coding sequence for a non- immunoglobulin polypeptide. Such a non- 
immunoglobulin polypeptide can be substituted for the constant 
domains of an antibody of the invention, or can be substituted for 
35 the variable domains of one antigen-combining site of an antibody 
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of the invention to create a chimeric bivalent antibody. 

The antibodies may be monovalent antibodies. Methods for 
preparing monovalent antibodies are well known in the art. For 
example, one method involves recombinant expression of 
5 immunoglobulin light chain and modified heavy chain. The heavy 
chain is truncated generally at any point in the Fc region so as to 
prevent heavy chain crosslinking . Alternatively, the relevant 
cysteine residues are substituted with another amino acid residue 
or are deleted so as to prevent crosslinking. 

10 In vitro methods are also suitable for preparing 

monovalent antibodies. Digestion of antibodies to produce 
fragments thereof, particularly, Fab fragments, can be accomplished 
using routine techniques known in the art. For instance, digestion 
can be performed using papain. Examples of papain digestion are 

15 described in WO 94/29348 published 12/22/94 and U.S. Patent No. 

4,342,566. Papain digestion of antibodies typically produces two 
identical antigen binding fragments, called Fab fragments, each 
with a single antigen binding site, and a residual Fc fragment. 
Pepsin treatment yields an F(ab') 2 fragment that has two antigen 

20 combining sites and is still capable of cross-linking antigen. 

The Fab fragments produced in the antibody digestion also 
contain the constant domains of the light chain and the first 
constant domain (CH X ) of the heavy chain. Fab' fragments differ 
from Fab fragments by the addition of a few residues at the carboxy 

25 terminus of the heavy chain CH X domain including one or more 
cysteines from the antibody hinge region. Fab' -SH is the 
designation herein for Fab' in which the cysteine residue (s) of the 
constant domains bear a free thiol group. F(ab') 2 antibody 
fragments originally were produced as pairs of Fab' fragments which 

30 have hinge cysteines between them. Other chemical couplings of 
antibody fragments are also known. 

3 . Humanized Antibodies 

The Apo-2 antibodies of the invention may further 
comprise humanized antibodies or human antibodies. Humanized forms 
35 of non-human (e.g., murine) antibodies are chimeric 
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immunoglobulins, immunoglobulin chains or fragments tnkm6y^s\/ph 
as Fv, Fab, Fab', F(ab') 2 or other antigen-binding subsequences of 
antibodies) which contain minimal sequence derived from non-human 
immunoglobulin. Humanized antibodies include human immunoglobulins 
5 (recipient antibody) in which residues from a complementary 

determining region (CDR) of the recipient are replaced by residues 
from a CDR of a non-human species (donor antibody) such as mouse, 
rat or rabbit having the desired specificity, affinity and 
capacity. In some instances, Fv framework residues of the human 

10 immunoglobulin are replaced by corresponding non-human residues. 

Humanized antibodies may also comprise residues which are found 
neither in the recipient antibody nor in the imported CDR or 
framework sequences. In general, the humanized antibody will 
comprise substantially all of at least one, and typically two, 

15 variable domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human immunoglobulin and all 
or substantially all of the FR regions are those of a human 
immunoglobulin consensus sequence. The humanized antibody 

optimally also will comprise at least a portion of an 

20 immunoglobulin constant region (Fc) , typically that of a human 
immunoglobulin [Jones et al . , Nature, 321 :522-525 (1986); Reichmann 
et al., Nature, 332:323-329 (1988); and Presta, Curr . pp. Struct. 
Biol . , 2:593-596 (1992)]. 

Methods for humanizing non-human antibodies are well 

25 known in the art. Generally, a humanized antibody has one or more 
amino acid residues introduced into it from a source which is non- 
human. These non-human amino acid residues are often referred to 
as "import" residues, which are typically taken from an "import" 
variable domain. Humanization can be essentially performed 

30 following the method of Winter and co-workers [Jones et al . , 
Nature, 321:522-525 (1986); Riechmann et al . , Nature , 332:323-327 
(1988); Verhoeyen et al., Science . 239:1534-1536 (1988)], by 
substituting rodent CDRs or CDR sequences for the corresponding 
sequences of a human antibody. Accordingly, such "humanized" 
35 antibodies are chimeric antibodies (U.S. Patent No. 4,816,567), 
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wherein substantially less than an intact human variable^ottJ^nft^s 
been substituted by the corresponding sequence from a non-human 
species. In practice, humanized antibodies are typically human 
antibodies in which some CDR residues and possibly some FR residues 
are substituted by residues from analogous sites in rodent 
antibodies . 

The choice of human variable domains, both light and 
heavy, to be used in making the humanized antibodies is very 
important in order to reduce antigenicity. According to the "best- 
fit" method, the sequence of the variable domain of a rodent 
antibody is screened against the entire library of known human 
variable domain sequences. The human sequence which is closest to 
that of the rodent is then accepted as the human framework (FR) for 
the humanized antibody [Sims et al . , J. Immunol. , 151:2296 (1993); 
Chothia and Lesk, J. Mol . Biol. , 196:901 (1987)]. Another method 
uses a particular framework derived from the consensus sequence of 
all human antibodies of a particular subgroup of light or heavy 
chains. The same framework may be used for several different 
humanized antibodies [Carter et al . , Proc . Natl. Acad. Sci . USA . 
89:4285 (1992); Presta et al . , J. Immunol. , 151:2623 (1993)]. 

It is further important that antibodies be humanized with 
retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a process of 
analysis of the parental sequences and various conceptual humanized 
products using three dimensional models of the parental and 
humanized sequences. Three dimensional immunoglobulin models are 
commonly available and are familiar to those skilled in the art. 
Computer programs are available which illustrate and display 
probable three-dimensional conformational structures of selected 
candidate immunoglobulin sequences. Inspection of these displays 
permits analysis of the likely role of the residues in the 
functioning of the candidate immunoglobulin sequence, i.e., the 
analysis of residues that influence the ability of the candidate 
immunoglobulin to bind its antigen. In this way, FR residues can 
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be selected and combined from the consensus and import sequence^so 
that the desired antibody characteristic, such as increased 
affinity for the target antigen(s), is achieved. In general, the 
CDR residues are directly and most substantially involved in 
influencing antigen binding [see, WO 94/04679 published 3 March 
1994] . 

Transgenic animals (e.g., mice) that are capable, upon 
immunization, of producing a full repertoire of human antibodies in 
the absence of endogenous immunoglobulin production can be 
employed. For example, it has been described that the homozygous 
deletion of the antibody heavy chain joining region (J H ) gene in 
chimeric and germ- line mutant mice results in complete inhibition 
of endogenous antibody production. Transfer of the human germ- line 
immunoglobulin gene array in such germ-line mutant mice will result 
15 in the production of human antibodies upon antigen challenge [see, 
e.g., Jakobovits et al . , Proc . Natl. Acad. Sci. USA . 90:2551-255 
(1993); Jakobovits et al . , Nature, 362:255-258 (1993); Bruggermann 
et al w Year in Immuno. , 7:33 (1993)]. Human antibodies can also 
be produced in phage display libraries [Hoogenboom and Winter, J\ 
20 Mol. Biol., 227:381 (1991); Marks et al . , J. Mol . Biol. , 222 :581 
(1991)] . The techniques of Cote et al . and Boerner et al . are also 
available for the preparation of human monoclonal antibodies (Cote 
et al. f Monoclonal Antibodies and Cancer Therapy , Alan R. Liss, p. 
77 (1985) and Boerner et al., J. Immunol. , 147 (1) :86-95 (1991)]. 
25 4 . Bispecific Antibodies 

Bispecific antibodies are monoclonal, preferably human or 
humanized, antibodies that have binding specificities for at least 
two different antigens. In the present case, one of the binding 
specificities is for the Apo-2, the other one is for any other 
30 antigen, and preferably for a cell-surface protein or receptor or 
receptor subunit. 

Methods for making bispecific antibodies are known in the 
art. Traditionally, the recombinant production of bispecific 
antibodies is based on the co-expression of two immunoglobulin 
35 heavy-chain/light-chain pairs, where the two heavy chains have 
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different specificities [Millstein and Cuello, Nature , 305 : 537-539 
(1983)] . Because of the random assortment of immunoglobulin heavy 
and light chains, these hybridomas (quadromas) produce a potential 
mixture of ten different antibody molecules, of which only one has 
5 the correct bispecific structure. The purification of the correct 
molecule is usually accomplished by affinity chromatography steps. 
Similar procedures are disclosed in WO 93/08829, published 13 May 
1993, and in Traunecker et al . , EMBO J. , 10:3655-3659 (1991). 

According to a different and more preferred approach, 

10 antibody variable domains with the desired binding specificities 
(antibody-antigen combining sites) are fused to immunoglobulin 
constant domain sequences. The fusion preferably is with an 
immunoglobulin heavy-chain constant domain, comprising at least 
part of the hinge, CH2 , and CH3 regions. It is preferred to have 

15 the first heavy-chain constant region (CHI) containing the site 
necessary for light-chain binding present in at least one of the 
fusions. DNAs encoding the immunoglobulin heavy-chain fusions and, 
if desired, the immunoglobulin light chain, are inserted into 
separate expression vectors, and are co- transf ected into a suitable 

20 host organism. This provides for great flexibility in adjusting 
the mutual proportions of the three polypeptide fragments in 
embodiments when unequal ratios of the three polypeptide chains 
used in the construction provide the optimum yields. It is, 
however, possible to insert the coding sequences for two or all 

25 three polypeptide chains in one expression vector when the 
expression of at least two polypeptide chains in equal ratios 
results in high yields or when the ratios are of no particular 
significance. In a preferred embodiment of this approach, the 
bispecific antibodies are composed of a hybrid immunoglobulin heavy 

30 chain with a first binding specificity in one arm, and a hybrid 
immunoglobulin heavy-chain/light-chain pair (providing a second 
binding specificity) in the other arm. It was found that this 
asymmetric structure facilitates the separation of the desired 
bispecific compound from unwanted immunoglobulin chain 

35 combinations, as the presence of an immunoglobulin light chain in 




only one half of the bispecific molecule provides for a facile way 
of separation. This approach is disclosed in WO 94/04690 published 
3 March 1994. For further details of generating bispecific 
antibodies see, for example, Suresh et al., Methods in Enzymology , 
5 121:210 (1986) . 

5 . Heterocon jugate Antibodies 

Heterocon jugate antibodies are also within the scope of 
the present invention. Heterocon jugate antibodies are composed of 
two covalently joined antibodies. Such antibodies have, for 

10 example, been proposed to target immune system cells to unwanted 
cells [US Patent No. 4,676,980] , and for treatment of HIV infection 
[WO 91/00360; WO 92/200373 ; EP 03089] . It is contemplated that the 
antibodies may be prepared in vitro using known methods in 
synthetic protein chemistry, including those involving crosslinking 

15 agents. For example, immunotoxins may be constructed using a 
disulfide exchange reaction or by forming a thioether bond. 
Examples of suitable reagents for this purpose include 
iminothiolate and methyl -4 -mercaptobutyrimidate and those 
disclosed, for example, in U.S. Pat. No. 4,676,980. 

20 D • Therapeutic and Non- therapeutic Uses for Apo-2 Antibodies 

The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be employed 
to activate or stimulate apoptosis in cancer cells. Alternatively, 
antagonistic antibodies may be used to block excessive apoptosis 

25 (for instance in neurodegenerative disease) or to block potential 

autoimmune/inflammatory effects of Apo-2 resulting from NF-/cB 
activation. 

Apo-2 antibodies may further be used in diagnostic assays 
for Apo-2, e.g., detecting its expression in specific cells, 

3 0 tissues, or serum. Various diagnostic assay techniques known in 
the art may be used, such as competitive binding assays, direct or 
indirect sandwich assays and immunoprecipitation assays conducted 
in either heterogeneous or homogeneous phases [Zola, Monoclonal 
Antibodies: A Manual of Techniques , CRC Press, Inc. (1987) pp. 147- 

35 158] . The antibodies used in the diagnostic assays can be labeled 
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with a detectable moiety. The detectable moiety should becapal 
of producing, either directly or indirectly, a detectable signal. 
For example, the detectable moiety may be a radioisotope, such as 
3 H, 14 C, 32 P, 35 S, or 125 I, a fluorescent or chemiluminescent compound, 
such as fluorescein isothiocyanate , rhodamine, or luciferin, or an 
enzyme, such as alkaline phosphatase, beta-galactosidase or 
horseradish peroxidase. Any method known in the art for 
conjugating the antibody to the detectable moiety may be employed, 
including those methods described by Hunter et al., Nature , 144 : 945 
(1962); David et al . , Biochemistry , 13 : 1014 (1974); Pain et al . , 

i Immunol. Meth. . 40:219 (1981); and Nygren, J. Histochem. and 

Cvtochem. , 30:407 (1982) . 

Apo-2 antibodies also are useful for the affinity 
purification of Apo-2 from recombinant cell culture or natural 
15 sources. In this process, the antibodies against Apo-2 are 
immobilized on a suitable support, such a Sephadex resin or filter 
paper, using methods well known in the art. The immobilized 
antibody then is contacted with a sample containing the Apo-2 to be 
purified, and thereafter the support is washed with a suitable 
20 solvent that will remove substantially all the material in the 
sample except the Apo-2, which is bound to the immobilized 
antibody. Finally, the support is washed with another suitable 
solvent that will release the Apo-2 from the antibody. 
E « Kits Containing Apo-2 or Apo-2 Antibodies 
25 In a further embodiment of the invention, there are 

provided articles of manufacture and kits containing Apo-2 or Apo-2 
antibodies which can be used, for instance, for the therapeutic or 
non- therapeutic applications described above. The article of 
manufacture comprises a container with a label. Suitable 
3 0 containers include, for example, bottles, vials, and test tubes. 
The containers may be formed from a variety of materials such as 
glass or plastic. The container holds a composition which includes 
an active agent that is effective for therapeutic or non- 
therapeutic applications, such as described above. The active 
35 agent in the composition is Apo-2 or an Apo-2 antibody. The label 



on the container indicates that the composition is u \i^€^^^^a. 
specific therapy or non- therapeutic application, and may also 
indicate directions for either in vivo or in vitro use, such as 
those described above. 
5 The kit of the invention will typically comprise the 

container described above and one or more other containers 
comprising materials desirable from a commercial and user 
standpoint, including buffers, diluents, filters, needles, 
syringes, and package inserts with instructions for use. 
10 ***************************** 

The following examples are offered for illustrative 
purposes only, and are not intended to limit the scope of the 
present invention in any way. 

All patent and literature references cited in the present 
15 specification are hereby incorporated by reference in their 
entirety. 

EXAMPLES 

All restriction enzymes referred to in the examples were 
20 purchased from New England Biolabs and used according to 
manufacturer's instructions. All other commercially available 
- reagents referred to in the examples were used according to 
manufacturer's instructions unless otherwise indicated. The source 
of those cells identified in the following examples, and throughout 
25 the specification, by ATCC accession numbers is the American Type 
Culture Collection, Rockville, Maryland. 

EXAMPLE 1 

Isolation of cDNA clones Encoding Human Apo-2 
3 0 Expressed sequence tag (EST) DNA databases ^Incyte 

Pharmaceuticals, Palo Alto, CA) were searched and an EST was 
identified which showed homology to the death domain of the Apo-3 
receptor [Marsters et al . , Curr. Biol . , .6:750 (1996)]. Human 
pancreas and kidney lgtlO bacteriophage cDNA libraries (both 
35 purchased from Clontech) were ligated into pRK5 vectors as follows. 
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Reagents were added together and incubated at 16°C for 16 hours: bX 
T4 ligase buffer (3 ml); pRK5 , Xhol, Notl digested vector, 0.5 mg, 
1 ml) ; cDNA (5 ml) and distilled water (6 ml) . Subsequently, 
additional distilled water (70 ml) and 10 mg/ml tRNA (0.1 ml) were 
5 added and the entire reaction was extracted through 
phenol; chloroform :isoamyl alcohol (25:24:1) . The aqueous phase was 
removed, collected and diluted into 5M NaCl (10 ml) and absolute 
ethanol (-20°C, 250 ml) . This was then centrifuged for 20 minutes 
at 14,000 x g, decanted, and the pellet resuspended into 70% 
10 ethanol (0.5 ml) and centrifuged again for 2 minutes at 14,000 x g. 

The DNA pellet was then dried in a speedvac and eluted into 
distilled water (3 ml) for use in the subsequent procedure. 

The ligated cDNA/pRK5 vector DNA prepared previously was 
chilled on ice to which was added electrocompetent DH10B bacteria 
15 (Life Tech., 20 ml). The bacteria vector mixture was then 

electroporated as per the manufacturers recommendation. 
Subsequently SOC media (1 ml) was added and the mixture was 
incubated at 37°C for 30 minutes. The transf ormants were then 
plated onto 20 standard 150 mm LB plates containing ampicillin and 
incubated for 16 hours (37°C) to allow the colonies to grow. 
Positive colonies were then scraped off and the DNA isolated from 
the bacterial pellet using standard CsCl-gradient protocols. 

An enriched 5'-cDNA library was then constructed to 
obtain a bias of cDNA fragments which preferentially represents the 
25 5' ends of cDNA' s contained within the library. 10 mg of the 
pooled isolated full-length library plasmid DNA (41 ml) was 
combined with Not 1 restriction buffer (New England Biolabs, 5 ml) 
and Not 1 (New England Biolabs, 4 ml) and incubated at 37°C for one 
hour. The reaction was extracted through phenol : chloroform : isoamyl 
30 alcohol (25:24:1, 50 ml), the aqueous phase removed, collected and 
resuspended into 5M NaCl (5 ml) and absolute ethanol (-20°C, 150 
ml). This was then centrifuged for 20 minutes at 14,000 x g, 
decanted, resuspended into 70% ethanol (0.5 ml) and centrifuged 
again for 2 minutes at 14,000 x g. The supernatant was then 
35 removed, the pellet dried in a speedvac and resuspended in 
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distilled water (10 ml) . 

The following reagents were brought together and 
incubated at 37°C for 2 hours: distilled water (3 ml); linearized 
DNA library (1 mg, 1 ml); Ribonucleotide mix (Invitrogen, 10 ml); 
transcription buffer (Invitrogen, 2 ml) and Sp6 enzyme mix. The 
reaction was then extracted through phenol : chloroform : isoamyl 
alcohol (25:24:1, 50 ml) and the aqueous phase was removed, 
collected and resuspended into 5M NaCl (5 ml) and absolute ethanol 
(-20°C / 150 ml) and centrifuged for 20 minutes at 14,000 x g. The 
pellet was then decanted and resuspended in 70% ethanol (0.5 ml), 
centrifuged again for 2 minutes at 14,000 x g, decanted, dried in 
a speedvac and resuspended into distilled water (10 ml) . 

The following reagents were added together and incubated 
at 16°C for 16 hours: 5X T4 ligase buffer (Life Tech., 3 ml); pRK5 
15 Cla-Sal digested vector, 0.5 mg, 1 ml); cDNA (5 ml); distilled 
water (6 ml) . Subsequently, additional distilled water (70 ml) and 
10 mg/ml tRNA (0.1 ml) was added and the entire reaction was 
extracted through phenol : chloroform : isoamyl alcohol (25:24:1, 100 
ml) . The aqueous phase was removed, collected and diluted by 5M 
20 NaCl (10 ml) and absolute ethanol (-20°C, 250 ml) and centrifuged 
for 20 minutes at 14,000 x g. The DNA pellet was decanted, 
resuspended into 70% ethanol (0.5 ml) and centrifuged again for 2 
minutes at 14,000 x g. The supernatant was removed and the residue 
pellet was dried in a speedvac and resuspended in distilled water 
25 (3ml) . The ligated cDNA/pSST-amy . 1 vector DNA was chilled on ice 

to which was added electrocompetent DH10B bacteria (Life Tech., 20 
ml) . The bacteria vector mixture was then electroporated as 
recommended by the manufacturer. Subsequently, SOC media (Life 
Tech., 1 ml) was added and the mixture was incubated at 37°C for 30 
30 minutes. The transf ormants were then plated onto 20 standard 150 
mm LB plates containing ampicillin and incubated for 16 hours 
(37°C) . Positive colonies were scraped off the plates and the DNA 
was isolated from the bacterial pellet using standard protocols, 
e.g. CsCl-gradient . 
35 The cDNA libraries were screened by hybridization with a 
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GGGAGCCGCTCATGAGGAAGTTGGGCCTCATGGACAATGAGATAAAGGTGGCTAAAGCTGAGGCA 
GCGGG (SEQ ID NO : 3 ) based on the EST . 

Three cDNA clones were sequenced in entirety. The 
5 overlapping coding regions of the cDNAs were identical except for 
codon 410 (using the numbering system for Fig. 1) ; this position 
encoded a leucine residue (TTG) in both pancreatic cDNAs , and a 
methionine residue (ATG) in the kidney cDNA, possibly due to 
polymorphism. 

10 The entire nucleotide sequence of Apo-2 is shown in 

Figure 1 (SEQ ID NO:2) . Clone 27868 (also referred to as pRK5-Apo- 

2 deposited as ATCC , as indicted below) contains a single 

open reading frame with an apparent transTa^^rexx^ initiation site 
at nucleotide positions 14 0-142 and ending at the^stbp^codon found 

15 at nucleotide positions 13J3^U^5 (Fig. 1; SEQ ID NO : 2 )(J^^ak^Bt^) 
(^L^^ polypeptide precursor is 411 amino 

acids long, a type I transmembrane protein, and has a calculated 
molecular weight of approximately 45 kDa . Hydropathy analysis (not 
shown) suggested the presence of a signal sequence (residues 1-53) , 

20 followed by an extracellular domain (residues 54-182) , a 
transmembrane domain (residues 183-208) , and an intracellular 
domain (residues 209-411) (Fig. 2A; SEQ ID NO:l) . N-terminal amino 
acid sequence analysis of Apo-2-IgG expressed in 293 cells showed 
that the mature polypeptide starts at amino acid residue 54, 

25 indicating that the actual signal sequence comprises residues 1-53. 

TNF receptor family proteins are typically characterized 
by the presence of multiple (usually four) cysteine-rich domains in 
their extracellular regions -- each cysteine-rich domain being 
approximately 45 amino acids long and containing approximately 6, 

30 regularly spaced, cysteine residues. Based on the crystal 
structure of the type 1 TNF receptor, the cysteines in each domain 
typically form three disulfide bonds in which usually cysteines 1 
and 2, 3 and 5, and 4 and 6 are paired together. Like DR4 , Apo-2 
contains two extracellular cysteine-rich pseudorepeats (Fig. 2A) , 

35 whereas other identified mammalian TNFR family members contain 
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three or more such domains [Smith et al . , Cell , 76: 959 (1994)^. 

The cytoplasmic region of Apo-2 contains a death domain 

(amino acid residues 324-391 shown in Fig. 1; see also Fig. 2A) 
which shows significantly more amino acid sequence identity to the 
death domain of DR4 (64%) than to the death domain of TNFR1 (30%) ; 
CD95 (19%); or Apo-3/DR3 (29%) (Fig. 2B) . Four out of six death 
domain amino acids that are required for signaling by TNFR1 

[Tartaglia et al ., supra 1 are conserved in Apo-2 while the other 
two residues are semi -conserved (see Fig. 2B) . 

Based on an alignment analysis (using the ALIGN™ computer 
program) of the full-length sequence, Apo-2 shows more sequence 
identity to DR4 (55%) than to other apoptosis-linked receptors, 
such as TNFR1 (19%) ; CD95 (17%) / or Apo-3 (also referred to as DR3 , 
WSL-1 or TRAMP) (29%) . 

EXAMPLE 2 
A. Expression of Apo-2 ECD 

A soluble extracellular domain (ECD) fusion construct was 
prepared. An Apo-2 ECD (amino acid residues 1-184 shown in Figure 
1) was obtained by PCR and fused to a C- terminal Flag epitope tag 
(Sigma) . (The Apo-2 ECD construct included residues 183 and 184 
shown in Figure 1 to provide flexibility at the junction, even 
though residues and 184 are predicted to be in the 

transmembrane region^/ The Flag epitope- tagged molecule was then 
inserted into pRK5 , and expressed by transient transfection into 
human 2 93 cells (ATCC CRL 1573) . 

After a 48 hour incubation, the cell supernatants were 
collected and either used directly for co-precipitation studies 
(see Example 3) or subjected to purification of the Apo-2 ECD-Flag 
by affinity chromatography on anti-Flag agarose beads, according to 
manufacturer's instructions (Sigma) . 

B - Expression of Apo-2 ECD as an Immunoadhesin 
A soluble Apo-2 ECD immunoadhesin construct was prepared. 
The Apo-2 ECD (amino acids 1-184 shown in Fig. 1) was fused to the 




hinge and Fc region of human immunoglobulin G x heavy chain" 
as described previously [Ashkenazi et al . , Proc. Natl. Acad. Sci 
88.: 10535-10539 (1991)]. The immunoadhesin was expressed by 
transient transfection into human 293 cells and purified from cell 
supernatants by protein A affinity chromatography, as described by 
Ashkenazi et al . , supra . 



. EXAMPLE 3 

Immunoprecipitation Assay Showing Binding Interaction 
Between Apo-2 and Apo-2 Liqand 

To determine whether Apo-2 and Apo-2L interact or 
associate with each other, supernatants from mock- transf ected 293 
cells or from 293 cells transfected with Apo-2 ECD-Flag (described 
in Example 2 above) \5 ml) were incubated with 5 fig poly-hist idine- 
tagged soluble Apo-2L [Pitti et al., supra l for 30 minutes at room 
temperature and then analyzed for complex formation by a co- 
precipitation assay. 

The samples were subjected to immunoprecipitation using 
25 ill anti-Flag conjugated agarose beads (Sigma) or Nickel- 
conjugated agarose beads (Qiagen) . After a 1.5 hour incubation at 
4° C, the beads were spun down and washed four times in phosphate 
buffered saline (PBS) . By using anti-Flag agarose, the Apo-2L was 
precipitated through the Flag-tagged Apo-2 ECD; by using Nickel- 
agarose, the Apo-2 ECD was precipitated through the His-tagged Apo- 
2L. The precipitated proteins were released by boiling the beads 
for 5 minutes in SDS-PAGE buffer, resolved by electrophoresis on 
12% polyacrylamide gels, and then detected by immunoblot with anti- 
Apo-2L or anti-Flag antibody (2 fig /ml) as described in Marsters et 
al., J. Biol. Chem. , in press (1997). ^ 

The results, shown in Figure tfk, indicate that the Apo-2 
ECD and Apo-2L can associate with each other. 

The binding interaction was further analyzed by purifying 
Apo-2 ECD from the transfected 293 cell supernatants with anti-Flag 
beads (see Example 2) and then analyzing the samples on a BIACORE™ 
instrument. The BIACORE™ analysis indicated a dissociation 




constant (K d ) of about 1 nM. BIACORE™ analysis also shoved that 
the Apo-2 ECD is not capable of binding other apoptosis- inducing 
TNF family members, namely, TNF-alpha (Genentech, Inc., Pennica et 
al., Nature, 312:712 (1984), lymphotoxin-alpha (Genentech, Inc.), 
or Fas/Apo-1 ligand (Alexis Biochemicals) . The data thus shows 
that Apo-2 is a specific receptor for Apo-2L. 

EXAMPLE 4 
Induction of Apoptosis bv Apo-2 
Because death domains can function as oligomerization 

interfaces, over-expression of receptors that contain death domains 
may lead to activation of signaling in the absence of ligand 

[Frazer et al., supra , Nagata et al . , supra] . To determine whether 
Apo-2 was capable of inducing cell death, human 293 cells or HeLa 
cells (ATCC CCL 2.2) were transiently transfected by calcium 
phosphate precipitation (293 cells) or electroporation (HeLa cells) 
with a pRK5 vector or pRK5 -based plasmids encoding Apo-2 and/or 
CrmA. When applicable, the total amount of plasmid DNA was 
adjusted by adding vector DNA. Apoptosis was assessed 24 hours 
after trans feet ion by morphology (Fig. 4A) ; DNA fragmentation (Fig. 
4B) ; or by FACS analysis of phosphatydilserine exposure (Fig. 4C) 
as described in Marsters et al., Curr. Biol . . 6:1669 (1996). As 
shown in Figs. 4A and 4B, the Apo-2 transfected 293 cells underwent 
marked apoptosis. 

For samples assayed by FACS, the HeLa cells were co- 
transfected with pRK5-CD4 as a marker for transfection and 
apoptosis was determined in CD4 -expressing cells; FADD was co- 
transfected with the Apo-2 plasmid; the data are means + SEM of at 
least three experiments, as described in Marsters et al . , Curr. 
Biol • • 6:1669 (1996) . The caspase inhibitors, DEVD-fmk (Enzyme 
Systems) or z-VAD-fmk (Research Biochemicals Intl.) were added at 
200 [iM at the time of transfection. As shown in Fig. 4C, the 
caspase inhibitors CrmA, DEVD-fmk, and z-VAD-fmk blocked apoptosis 
induction by Apo-2, indicating the involvement of Ced-3-like 
proteases in this response. 
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FADD is an adaptor protein that mediates U ^p^J^^s 
activation by CD95, TNFR1 , and Apo-3/DR3 [Nagata et al . , supra ] , 
but does not appear necessary for apoptosis induction by Apo-2L 
[Marsters et al . , supra ] or by DR4 [Pan et al . , supra]. A 
dominant -negative mutant form of FADD, which blocks apoptosis 
induction by CD95, TNFR1, or Apo-3/DR3 [Frazer et al., supra ; 
Nagata et al . , supra ; Chinnayian et al . , supra ] did not inhibit 
apoptosis induction by Apo-2 when co- transf ected into HeLa cells 
with Apo-2 (Fig. 4C) . These results suggest that Apo-2 signals 
apoptosis independently of FADD. Consistent with this conclusion, 
a glutathione-S-transferase fusion protein containing the Apo-2 
cytoplasmic region did not bind to in vitro transcribed and 
translated FADD (data not shown) . 

EXAMPLE 5 

Inhibition of Apo-2L Activity by Soluble Apo-2 ECD 
Soluble Apo-2L (0.5 /xg/ml, prepared as described in Pitti 
et al . , supra ) was pre- incubated for 1 hour at room temperature 
with PBS buffer or affinity-purified Apo-2 ECD (5 /ig/ml) together 
with anti-Flag antibody (Sigma) (1 /xg/ml) and added to HeLa cells. 
After a 5 hour incubation, the cells were analyzed for apoptosis by 
FACS (as above) (Fig. 4D) . 

Apo-2L induced marked apoptosis in HeLa cells, and the 
soluble Apo-2 ECD was capable of blocking Apo-2L action (Fig. 4D) , 
confirming a specific interaction between Apo-2L and Apo-2. 
Similar results were obtained with the Apo-2 ECD immunoadhesin 
(Fig. 4D) . Dose-response analysis showed half -maximal inhibition 
at approximately 0.3 nM Apo-2 immunoadhesin (Fig. 4E) . 

EXAMPLE 6 
Activation of NF-kB by Apo-2 
An assay was conducted to determine whether Apo-2 
activates NF-kB. 

HeLa cells were transfected with pRK5 expression plasmids 
encoding full-length native sequence Apo-2, DR4 or Apo-3 and 




'PL,- ...... 

harvested 24 hours after transf ection . Nuclear extra^Es Mere 
prepared and 1 fig of nuclear protein was reacted with a 32 P- labelled 
NF-/cB-specif ic synthetic oligonucleotide probe 

ATCAGGGACTTTCCGCTGGGGACTTTCCG (SEQ ID NO : 4 ) [see, also, MacKay et 
5 J. Immunol. . 153:5274-5284 (1994)], alone or together with a 

50-fold excess of unlabelled probe, or with an irrelevant 32 P- 
labelled synthetic oligonucleotide 

AGGATGGGAAGTGTGTGATATATCCTTGAT (SEQ ID NO: 5). In some samples, 
antibody to p65/RelA subunits of NF- kB (1 /xg/ml; Santa Cruz 

10 Biotechnology) was added. DNA binding was analyzed by an 
electrophoretic mobility shift assay as described by Hsu et al . , 
supra ; Marsters et al., supra , and MacKay et al . , supra . 

The results are shown in Fig. 5. As shown in Fig. 5A, 
upon transf ection into HeLa cells, both Apo-2 and DR4 induced 

15 significant NF- kB activation as measured by the electrophoretic 
mobility shift assay; the level of activation was comparable to 
activation observed for Apo-3/DR3. Antibody to the p65/RelA 
subunit of NF-kB inhibited the mobility of the NF-kB probe, 
implicating p65 in the response to all 3 receptors. 

20 An assay was also conducted to determine if Apo-2L itself 

can regulate NF-kB activity. HeLa cells or MCF7 cells (human 
breast adenocarcinoma cell line, ATCC HTB 22) were treated with PBS 
buffer, soluble Apo-2L (Pitti et al., supra ) or TNF-alpha 
(Genentech, Inc., see Pennica et al., Nature, 312:721 (1984)) (1 

25 /xg/ml) and assayed for NF - k.B activity as above. The results are 
shown in Fig. 5B. The Apo-2L induced a significant NF-kB 
activation in the treated HeLa cells but not in the treated MCF7 
cells; the TNF-alpha induced a more pronounced activation in both 
cell lines. Several studies have disclosed that NF-kB activation 

30 by TNF can protect cells against TNF-induced apoptosis [Nagata, 
supra 1 . 

The effects of a NF-kB inhibitor, ALLN (N-acetyl -Leu-Leu- 
norleucinal) and a transcription ^n^bitor, cyclohexamide, were 
also tested. The HeLa cells (jj ared in 6-well dishes) were 
35 preincubated with PBS buffer, ALLN (Calbiochem) (40 /ig/ml) or 
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/ V /q, , 

cyclohexaraide (Sigma) (50 fig /ml) for 1 hour before addition 
2L (1 /xg/ml) . After a 5 hour incubation, apoptosis was analyzed by 
FACS (see Fig. 5C) . 

The results are shown in Fig. 5C. Both ALLN and 
cyclohexaraide increased the level of Apo-2L- induced apoptosis in 
the HeLa cells. The data indicates that Apo-2L can induce 
protective NF - k B - dependent genes. The data also indicates that 
Apo-2L is capable of activating NF-kB in certain cell lines and 
that both Apo-2 and DR4 may mediate that function. 



EXAMPLE 7 
Northern Blot Analysis 
Expression of Apo-2 mRNA in human tissues was examined by 
Northern blot analysis. Human RNA blots were hybridized to a 4.6 
15 kilobase 32 P-labelled DNA probe based on the full length Apo-2 cDNA; 

the probe was generated by digesting the pRK5 -Apo-2 plasmid with 
EcoRI. Human fetal RNA blot MTN (Clontech) and human adult RNA 
blot MTN- II (Clontech) were incubated with the DNA probes. Blots 
were incubated with the probes in hybridization buffer (5X SSPE; 2X 
20 Denhardt's solution; 100 mg/mL denatured sheared salmon sperm DNA; 

50% formamide; 2% SDS) for 60 hours at 42°C. The blots were washed 
several times in 2X SSC; 0.05% SDS for 1 hour at room temperature, 
followed by a 30 minute wash in 0 . IX SSC; 0.1% SDS at 50°C. The 
blots were developed after overnight exposure. 
25 As shown in Fig. 6, a predominant mRNA transcript of 

approximately 4 . 6kb was detected in multiple tissues. Expression 
was relatively high in fetal and adult liver and lung, and in adult 
ovary and peripheral blood leukocytes (PBL) , while no mRNA 
expression was detected in fetal and adult brain. Intermediate 
30 levels of expression were seen in adult colon, small intestine, 
testis, prostate, thymus, pancreas, lidney, skeletal muscle, 
placenta, and heart. Several adult tissues that express Apo-2, 
e.g., PBL, ovary, and spleen, have been shown previously to express 
DR4 [Pan et al . , supra], however, the relative levels of expression 
35 of each receptor mRNA appear to be different. 



-67- 



EXAMPLE 8 tt^p/j 
Chromosomal Localization of the Apo-2 gene °' 0^ l/c 
Chromosomal localization of the human Apo-2 gene wa 




examined by radiation hybrid (RH) panel analysis. RH mapping was 
performed by PCR using a human-mouse cell radiation hybrid panel 
(Research Genetics) and primers based on the coding region of the 
Apo-2 cDNA [Gelb et al . , Hum. Genet. , 98:141 (1996)]. Analysis of 
the PCR data using the Stanford Human Genome Center Database 
indicates that Apo-2 is linked to the marker D8S481, with an LOD of 
11.05; D8S481 is linked in turn to D8S2055, which maps to human 
chromosome 8p21. A similar analysis of DR4 showed that DR4 is 
linked to the marker D8S2127 (with an LOD of 13.00), which maps 
also to human chromosome 8p21. 

To Applicants' present knowledge, to date, no other 
member of the TNFR gene family has been located to chromosome 8. 
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Deposit of Material 

The following materials have been deposited with the 
American Type Culture Collection, 12301 Parklawn Drive, Rockville, 
MD, USA (ATCC) : 

Material ATCC Dep. No. Deposit Date 

pRK5-Apo-2 



This deposit was made under the provisions of the 
Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purpose of Patent Procedure and the 
Regulations thereunder (Budapest Treaty) . This assures maintenance 
of a viable culture of the deposit for 30 years from the date of 
deposit. The deposit will be made available by ATCC under the 
terms of the Budapest Treaty, and subject to an agreement between 
Genentech, Inc. and ATCC, which assures permanent and unrestricted 
availability of the progeny of the culture of the deposit to the 
public upon issuance of the pertinent U.S. patent or upon laying 
open to the public of any U.S. or foreign patent application, 
whichever comes first, and assures availability of the progeny to 
one determined by the U.S. Commissioner of Patents and Trademarks 
to be entitled thereto according to 35 USC §122 and the 
Commissioner's rules pursuant thereto (including 37 CFR §1.14 with 
particular reference to 886 OG 638) . 

The assignee of the present application has agreed that 
if a culture of the materials on deposit should die or be lost or 
destroyed when cultivated under suitable conditions, the materials 
will be promptly replaced on notification with another of the same. 
Availability of the deposited material is not to be construed as a 
license to practice the invention in contravention of the rights 
granted under the authority of any government in accordance with 
its patent laws. 

The foregoing written specification is considered to be 
sufficient to enable one skilled in the art to practice the 
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CONFIDENTIAL 



invention. The present invention is not to be limited in 
the construct deposited, since the deposited embodiment is 
as a single illustration of certain aspects of the invention and 
any constructs that are functionally equivalent are within the 
5 scope of this invention. The deposit of material herein does not 
constitute an admission that the written description herein 
contained is inadequate to enable the practice of any aspect of the 
invention, including the best mode, thereof, nor is it to be 
construed as limiting the scope of the claims to the specific 
10 illustrations that it represents. Indeed, various modifications of 
the invention in addition to those shown and described herein will 
become apparent to those skilled in the art from the foregoing 
description and fall within the scope of the appended claims. 

15 
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Abstract of the Disclosure 
Novel polypeptides, designated Apo-2, which are capable 
of modulating apoptosis are provided. Compositions including Apo-2 
chimeras, nucleic acid encoding Apo-2, and antibodies to Apo-2 are 
5 also provided. 





GENENTECH, INC. 
Product Distribution 



SHIPPING FORM 

Please type or print clearly. 
Include this form with item(s) to be shipped. 



SEND TO 

American Type 

Company Name Culture Collection 



Department Patent Depository 
Address 12301 Parklawn Drive 



City Rockville 



State MP Zip 20852 



Contact Name Barbara M . Hailey 



FROM 



Name Diane L. Marschang 



Department Legal. M.S. 49 



Cost Center jj£2 



Extension 5416 



DNA Plasmids 



Item Name_ 
Description 



Quantity/Container ioo ryj /vial 



Shipment Temperature: □ Wet Ice 

Hazard Classification: □ Radioactive 
□ Carcinogen 

Special Handling: □ Latex Gloves 

□ Chemical Gloves 



□ Dry Ice 

□ Flammable 

□ Corrosive 



# of Containers 
Q Ambient 



25 vials 



□ Safety Glasses 

□ Safety Goggles 



□ Poison □ Biological B Non-Hazardous 

□ Toxic □ Infectious/Etiologic Agent 

□ Face Mask QNone 

□ Apron/Lab Coat □ Other (explain) 



Item Name, 
Description 



Quantity/Container 



Shipment Temperature: □ Wet Ice 

Hazard Classification: □ Radioactive 
□ Carcinogen 

Special Handling: □ Latex Gloves 

□ Chemical Gloves 



# of Containers 
□ Ambient 



□ D<y Ice 

□ Flammable □ Poison □ Biological □ Non-Hazardous 

□ Corrosive □ Toxic □ Infectious/Etiologic Agent 

□ Safety Glasses ' □ Face Mask □ None 

□ Safety Goggles □ Apron/Lab Coat □ Other (explain) 



Item Name_ 
Description 



Quantity/Container 



Shipment Temperature: □ Wet Ice 

Hazard Classification: □ Radioactive 
□ Carcinogen 

Special Handling: □ Latex Gloves 

□ Chemical Gloves 



□ Dry Ice 



# of Containers 
□Ambient 



□ Flammable □ Poison 

□ Corrosive □ Toxic 



□ Biological □ Non-Hazardous 

□ Infectious/Etiologic Agent 



□ Safety Glasses □ Face Mask □ None 

□ Safety Goggles □ Apron/Lab Coat □ Other (explain) 



Genentech, Inc. /July 1994 
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Budapest Treaty Deposits 



American Type Culture Collection 

12301 Parklawn Drive, Rockville. MO 20852 USA, Telephone (301) 23 1-5520 Fax (301) 81 C 4366 



TO DEPOSIT OR TO CONVERT A DEPOSIT TO MEET THE REQUIREMENTS OF 
BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF THE 
OEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE 

1. Name of deposit {e.g., microorganism, cell line. seed, plasmid. etc.). If cell line, please provide tissue & species. 

Plasmid — 



2. Strain designation {i.e., number, symbols, etc). pRK5-Apo-2 



3. Is this an original deposit under the Budapest Treaty? Yes , 

4. Is this a request for a conversion of a deposit already at the ATCC to meet the requirements of the Budapest Treaty? If 
so, please indicate ATCC designation. No — 

5. Is this deposit a mixture of microorganisms or cells? No 

6. Provide details necessary to cultivate, test for viability and store deposit- If mixture, provide description of components 
and a method to check presence. Transform into JM1Q9 cells; Amp rpfiifitanr. 

Digestion w ith Ec oRI and Hind III yields, about a 1750 bp f ragment. _ 



7. Provide an indication of the properties of the strain which are or may be dangerous to health or the environment. 

Depositor is not aware of such properties. \ 



§ 8. Provide sufficient description so that ATCC may confirm deposit properties {e.g.. Gram negative rod). 



a. If deposit is a cell culture, is it being cultured in the presence of antibiotics? If so, please list the annbiot«cs. 



b. If deposit is hybridoma, what is the isotype of antibody produced? _ 

*9. Is this strain zoopathogenic? phytdpathogenic? _ — : 

10. (MUST BE COMPLETED) Packaging Class I, II, III, IV (In accordance with U.S. Public Health Services Regulation 42 C.F.R. 
§ 72.3 (aj-(f)|? Clfr SS I : , 

1 1 . Does this strain contain plasmids relevant to the patent process? Yes — 



If so, what physical containment level is required (National Institutes of Health Guidelines Involving Recombinant ON A 
Molecules, i.e.. P1, P2, P3 or P4 facility)? PI _ , — - 



12. Isolated from? 



* The answers to these questions are recommended but not required. 



ATCC USE ONLY 

ATCC DESIGNATION RECEIVED V.T. RESULT & DATE 



FEES : 30 years' storage $600. 30 years' notification $360. Viability testing $100 to $400 or quoted 'price, dependent udoo 
necessary material and/or equipment. Expedite ATCC number $ 10. Return sample for approval (if not submitted frozen or freeze- 
dried) $30. Prepare additional samples of cells or hybridomas $500. Additional costs for return of samples outside U.S.A. 
STORAGE : Cultures are stored for 30 years from date of deposit and for five years after the last request for a sample, as required 
under the rules of patent offices in most countries. 

Form BP/1 (Page 1 of zi 10 95 



A,ter a U.S. Patent issues. ATCc ..akes the culture available to anyone who requests it. as allowed under n c , 

to issuance of a U.S. Patent. ATCC will only make a culture available as instructed by the depositor or r fe i P 

olf.ce. In add.t.on to those entitled to a sample under the Budapest Treaty and the European Patent Conv^,^" 1 " al " r ' 1 

wish the strain made available: * ' "-"Hon. do y0u 

As of the date of deposit to anyone who requests a culture? (If -yes", there are no restrictions or, ok. • 
from date of deposit or conversion to Budapest). No =>i"but', ri 



14. 

15. 

16. 



b. To requestors which satisfy Patent Olfices in countnes not signatory to the Budapest Treaty' li ves in- 

state which countries. Nn. T flr ree that all resfrir.rinns on a__e_§ to rho .^ J^ 

will hp irre v oc ably removed upop issuance of a U.S. Patent. 

Oo you wish ATCC to inform you of all requests for this strain? ($360 fee for 30-year informing). Yes. 



Would you like expedited notification of your ATCC number? ($10 fee). ATCC must observe viability first Xes.. 
Name of Individual. Di ane T. , Marschane 



Fax No - (AL5) 952-9881 Telephone No. (415) 22S-54I6 

Payment by check, or credit card (MasterCard. VISA or American Express), must accompany the deposit unless c- or 
arrangements for billing have been made and approved. If arrangements have been made to bill you for s-rv.ce* oi- ^ 
indicate person who should receive invoice. Also, please include P.O. number. " 

Genen re ch . T n c . Attn.: Diane L. Marschang M..S 49 

■ 460 Pninr San Rnino Bonlpy ar d 



South San Francisco, CA 94080 



1 7. 



Credit Card number (indicate MasterCard or VISA) Expiration Date 



Type or print the name shown on credit card Signature 



Name, address and facsimile number of your attorney of record. Diane T. . Marschang 



Genenf-prh. Tnr 460 Poi nt San Bruno Blvd., South San Francisco, CA 94080 
(415) 952-9881 



18 MUST BE COMPLETFD . Owner of deposit. (Verify with your management who owns the depos.t. The o-.vner .s us = = v 
a company or institute, and normally is not an individual.) Genentech, Inc. 



Add.tional comments. P1p„ rp rP f P r i-n r^e no.: PI 101 



/ understand and agree that the deposit may not be withdr a wn by me for a period specified in Rule 9. I of the Budapest 
Treaty (at east 30 years after the date of dep osit and 5 y e ars after the date of the most recent request for the depo«'l. 
and that, fa culture should die or be destroyed during the li f e of the patent, or the period of time so specified, it is my 
respons.b.l.ty to replace H with a living cult ure of the same organism or cell. In the cases of viruses, cell cultures, olasnuds. 
embryos, and seeds, it is my responsibility to supply a suffic i ent quantity for distribution for the period of time specified 
above. c 



Janet E. Has ak 

Typed Name 



Sfc= — ^_ _ ^__t S/7/97 

<*™^ f Signature I D^te 

Address GenePte.c.h. Inc.. 460 Point San Bruno Blvd., South San Francisco, CA 94080 



THIS FORM MUST BE COMPLETED IN ENGLISH 
ADDRESS SHIPMENTS AND FORM TO THE ATTENTION OF: Pate „, Depository 



American Type Culture Collection 
1 2 301 Parklawn Orivc 
Rockville. MO 20852 U.S.A. 



Form BP/l (P;i,i_ > 2t : / :Vi 




American 
Type Culture 
Collection 



12301 ParicJawn Drive. Rockville, Maryland 20852-1776 USA 

SINCE Iffl, AN INDEPENDENT. NOT-FOR-PROFTT ORGANIZATION DEVOTED TO THE PRESERVATION AND DISTRIBUTION OF REFERENCE CULTURES 



Diane L. Marschang 
Genentech, Inc. 
Fax: 415-952-9881 



Dear Depositor: 

You recently deposited the following item(s) with ATCC for patent purposes: 

Plasmid pRK5-Apo-2 (reference Case No. P1101) 

To assure that we meet all regulatory requirements for the handling, storage and 
distribution of these deposits, we need more specific information provided by you on 
their derivation. 



For vectors, clones and libraries we need to know from what organism they are 
derived. Also the source of the DNA insert for clones and constructs must be 
identified by species (e.g. human, mouse, etc.) or scientific name if a microorganism 
or virus. When the source of the DNA is a microorganism or virus, we need to know 
the name of the gene and the identity of the host organism. 

This information Is required in order to validate your deposit, and may be sent 
by facsimile to my attention at 301-816-4366. Please call me 301-231-5532 if you 
have any questions regarding this request. 




Frank P. Simione 

Director, Professional Services 



FPS/bec 
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AFFILIATED ORGANIZATIONS 

^^^^^ 0l ^°!^T 0,0filSU c Amo^iC * n ; J n - , ^ ,, • of Biology fio*nc M ■ Am.r^n Phrfoprf. **a4 Soc** - /Wn«n Sod*, la, Bioct^iy .„d Mo*~uU, Oology • An«rfc.n Soci.* <oc BMoa, 
Arroncao S^'^Y'* Miwobiotogr ■ SocKrtyfor V^bgy- Am^«n Soc«ty oi H«m*n G*n«ifc, - Ac***™ Sgcity of *.r„;tologl u» - Arwrtcon Society of T,opict Wdlrfne «rd Hyg«« -Amrrica* Soooty of Zootoa«3 

C*>*d,*n Feg^fon of Boogie* Soe* *i« • Cantd!** Soctely of Mfcrobtftyltfi ■ Q«twiica Booty o( Ai^rtc • Infrctfotit Dl^s* Soc*, of ^ • Mycolngtcd SocWy of Amdci - HUtiond fi^-rch Council - 
N *' t ° na3 Ac<d<yTTY * f Sc«"*»* -Prw rniricsuticcl Research «nd MinutacfaMn of America - Socia'y for Uufecyl* Blotogy • SocieVy tor »n YiUo etoVjpy ' Society lor 1n4uMrl*l Microbiology • Socky of Prcmzooto^a 

Telephone: (301) 881-2600 - Tetelex: (301 ) 616-4366 Telex: ATCCROVE 909-768 ™~ ~~ 

T " d SKiOIibd3dO/3DAySJOyd WUt7t7:80 26, 60 AdU 



GENENTECH, IIMO 
GEJSIEfsJTECM, IIMC. 
GENENTECH, BIMO. 
GENENTECH, IfsJO. 

s£ u fe£°£?~ B f uno Boulevard 

'X'WX 9103717.168 

LJ SGAL DEPARTMENT 



DJ^TEr M^y 1 3 , !L » » 7 

Oliver the folILowxr^o jp^ce ( « > 1 0 , 
NAME : Frank Siniione,- Dir^cCor p,.^^^, - 
F1RM: Aw—rAo^a Culture OoXX^ ci o n 

*n™ BE FL TRANSMUTING TOr <3QX> 816-4366 

FROM - Diane Marschang 

WME «= R °^ X NCLU OX^O THXS COUEH SHEET r _ 



2_ 

COMMENTS i 



I^=^«*i.*,a«* *.tt (415) 2J5- 



TRANSMISSION REPORT 



THIS DOCUMENT WAS CONFIRMED 

(REDUCED SAMPLE ABOVE - SEE DETAILS BELOW) 



COUNT ** 
TOTAL PAGES SCANNED 
TOTAL PAGES CONFIRMED 



2 
2 



*** SEND *** 



No. 


- REMOTE STATION 


START 


TIME 


DURATION 


#PAGES 


MODE 


RESULTS 


1 


301 816 43G6 


5-13-97 


12:24PM 


0 '4-2" 


2/ 2 


EC 


COMPLETED 
















9600 


NOTE : 




TOTAL 


0:00 , 42 M 


2 







No. : OPERATION NUMBER 4-8 
PD : POLLED BY REMOTE SF 
MB : SEND TO MAILBOX PG 



4800BPS SELECTED EC 
STORE & FORWARD RI 
POLLING A REMOTE MP 



ERROR CORRECT G2 
RELAY INITIATE RS 
MULT I -POLLING RM 



G2 COMMUNICATION 
RELAY STATION 
RECEIVE TO MEMORY 
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Genentech, Inc. 



LEGAL DEPARTMENT 

460 Point San Bruno Boulevard 
South San Franciseo, CA 94080-4990 
(415) 225-1000 

FAX; (4 1 5j 952-988 I or (4 1 5) 952-9882 

May 13, 1997 



VIA FACSIMILE 
Frank P. Simione 

Director, Professional Services 
American Type Culture Collection 
123 01 Parklawn Drive 
Rockville, MD 20852-1776 

Re: Deposit of pRK5-Apo-2 (Case No. P1101) 
Dear Mr. Simione: 

In response to your facsimile dated May 9, 1997 please be 
advised that the source of the Apo-2 DNA insert is human. The pRK5 
plasmid was derived from E. coli. 

Sincerely, 



Diane L. Marschang jK 



DLM/jt 



AMERICAN TYPE CULTURE COLLECTION 
12301 Parklawn Drive 
Rockvllle, Maryland 20852 USA 



Telephone: 301/231-5519 
FAX: 301/816-4366 



FACSIMILE 



Date: 



May 15, 1997 



To: 



Diane L. Marschang 
Genentech, Inc. 



Fax Number: 



1-415-952-9881 



Total number of pages including this page: One (1) 
From: ATCC Patent Depository 

Reference: Patent Deposit on behalf of Genentech, Inc. (Ref. Case No. P1101). 
Plasmid pRK5-Apo-2 assigned ATCC 209021. 

Date of deposit May 8, 1997. Paperwork will be forwarded to you in a few days. 

An invoice will be sent under separate cover as follows: 

One time fee - 30 years $ 600.00 

Informing of Requesters 360.00 



Please note: You are using an outdated form. A new form will be sent with the certificate. 
Please destroy all old forms. Thank you. 



The information contained in this facsimile Is Intended only far the use of the individual or entity named above. 
If the reader of this message is not the intended recipient, you are notified that any dissemination or distribution, 
except to the intended recipient of this communication, is prohibited. If you have received this communication In 
error, please call us immediately at the telephone number listed above. 



Viability Test 



1 50.00 



Total amount due to ATCC 209021 



$ 1,110.00 



Barbara M. Hailey, Adminlstratori ATCC Patent Depository 
Telephone: 301/231-5519 




ADE- 17 

USSN 10/052,798 



I'd 



SNOIlWa3dO/33AySJOad WU6T:II Z6, si AWW 




12301 Parklawn Drive • Rockville, MD 20852 USA • Telephone: 301-231-5519 or 231-5532 • FAX: 301-816-4366 



American Type Gilture Collection 



BUDAPEST TREATY ON THE INTERNATIONAL RECOGNITION OF 
THE DEPOSIT OF MICROORGANISMS FOR THE PURPOSES OF PATENT PROCEDURE 



INTERNATIONAL FORM 



RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT ISSUED PURSUANT TO RULE 7.3 
AND VIABILITY STATEMENT ISSUED PURSUANT TO RULE 10.2 



To: (Name and Address of Depositor or Attorney) 

Genentech, Inc. 

Attn: Janet E. Hasak 

460 Point San Bruno Blvd. j 

So. San Francisco, CA 94080 

Deposited on Behalf of: Genentech, Inc. (Ref. Case No. P1101) 

Identification Reference by Depositor: ATCC Designation 

Plasmid pRK5-Apo-2 209021 

The deposit was accompanied by: a scientific description _ a proposed taxonomic description indicated 

above. 

The deposit was received May 8, 1 997 by this International Depository Authority and has been accepted. 

AT YOUR REQUEST: X_ We will inform you of requests for the strain for 30 years. 

The strain will be made available if a patent office signatory to the Budapest Treaty certifies one's right to 
receive, or if a U.S. Patent is issued citing the strain, and ATCC is instructed by the United States Patent & 
Trademark Office or the depositor to release said strain. 

If the culture should die or be destroyed during the effective term of the deposit, it shall be your responsibility 
to replace it with living culture of the same. 

The strain will be maintained for a period of at least 30 years from date of deposit, or five years after the most 
recent request for a sample, whichever is longer. The United States and many other countries are signatory 
to the Budapest Treaty. 

The viability of the culture cited abbve was tested May 15. 1997 . On that date, the culture was viable. 
International Depository Authority: American Type Culture Collection, Rockville, Md. 20852 USA 
Signature of person having authority to represent ATCC: 




Date: May 15. 1997 



cc: 



Diane L. Marschang 



PATENT DOCKET NO. PR1101 
EXPRESS MAIL NO: EM239524636US 
MAILED: May 15, 1997 

5 

Apo-2 Receptor 

FIELD OF THE INVENTION 
The present invention relates generally to the 
10 identification, isolation, and recombinant production of novel 
polypeptides, designated herein as "Apo-2" . 

BACKGROUND OF THE INVENTION 
Apoptosis or "Programmed Cell Death" 

yi 15 Control of cell numbers in mammals is believed to be 

□ 

q determined, in part, by a balance between cell proliferation and 

f cell death. One form of cell death, sometimes referred to as 

m necrotic cell death, is typically characterized as a pathologic 

M= form of cell death resulting from some trauma or cellular injury. 

^20 In contrast, there is another, "physiologic" form of cell death 
p which usually proceeds in an orderly or controlled manner. This 

Hj orderly or controlled form of cell death is often referred to as 

III "apoptosis" [see, e.g., Barr et al. f Bio/Technology , 12:487-493 

^ (1994); Steller et al., Science , 267:1445-1449 (1995)]. Apoptotic 

~" 25 cell death naturally occurs in many physiological processes, 
including embryonic development and clonal selection in the immune 
system [Itoh et al., Cell , 66:233-243 (1991)] . Decreased levels of 
apoptotic cell death have been associated with a variety of 
pathological conditions, including cancer, lupus, and herpes virus 
30 infection [Thompson, Science , 26^7: 1456-1462 (1995)]. Increased 
levels of apoptotic cell death may be associated with a variety of 
other pathological conditions, including AIDS, Alzheimer's disease, 
Parkinson's disease, amyotrophic lateral sclerosis, multiple 
sclerosis, retinitis pigmentosa, cerebellar degeneration, aplastic 
35 anemia, myocardial infarction, stroke, reperfusion injury, and 
toxin- induced liver disease [see, Thompson, supra ] . 
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Apoptotic cell death is typically accompanied by one or 
more characteristic morphological and biochemical changes in cells, 
such as condensation of cytoplasm, loss of plasma membrane 
microvilli, segmentation of the nucleus, degradation of chromosomal 
DNA or loss of mitochondrial function. A variety of extrinsic and 
intrinsic signals are believed to trigger or induce such 
morphological and biochemical cellular changes [Raff, Nature , 
356:397-400 (1992); Steller, supra ; Sachs et al., Blood, 82:15 
(1993)] . For instance, they can be triggered by hormonal stimuli, 
such as glucocorticoid hormones for immature thymocytes, as well as 
withdrawal of certain growth factors [Watanabe-Fukunaga et al., 
Nature, 356:314-317 (1992)]. Also, some identified oncogenes such, 
as myc, rel, and E1A, and tumor suppressors, like p53, have been 
reported to have a role in inducing apoptosis. Certain 
chemotherapy drugs and some forms of radiation have likewise been 
observed to have apoptosis -inducing activity [Thompson, supra ] . 

TTJF Family of Cytokines 
Various molecules, such as tumor necrosis factor-a ("TNF- 
ct") , tumor necrosis factor-0 ( "TNF-/3" or "lymphotoxin") , CD30 
ligand, CD27 ligand, CD40 ligand, OX-40 ligand, 4-1BB ligand, Apo-1 
ligand (also referred to as Fas ligand or CD95 ligand) , and Apo-2 
ligand (also referred to as TRAIL) have been identified as members 
of the tumor necrosis factor ("TNF") family of cytokines [See, 
e.g., Gruss and Dower, Blood , 85:3378-3404 (1995); Wiley et al., 
Immunity , 3:673-682 (1995); Pitti et al., -L — Biol, — Chenu, 
271:12687-12690 (1996)]. Among these molecules, TNF-a, TNF-0, CD30 
ligand, 4-1BB ligand, Apo-1 ligand, and Apo-2 ligand (TRAIL) have 
been reported to be involved in apoptotic cell death. Both TNF -a 
and TNF-0 have been reported to induce apoptotic death in 
susceptible tumor cells [Schmid et al., Proc. Natl. Acad. Sci., 
83:1881 (1986) ; Dealtry et al . , F,nr. J. Immunol. , 17:689 (1987)]. 
Zheng et al. have reported that TNF -a is involved in post- 
stimulation apoptosis of CD8-positive T cells [Zheng et al., 
Nature , 377:348-351 (1995)]. Other investigators have reported 
that CD30 ligand may be involved in deletion of self -reactive T 
cells in the thymus [Amakawa et al., Cold Spring Harbor Laboratory 



Symposium on Programmed Cell Death, Abstr. No. 10, (1995)]. 

Mutations in the mouse Fas/Apo-1 receptor or ligand genes 
(called lpr and gld, respectively) have been associated with some 
autoimmune disorders, indicating that Apo-1 ligand may play a role 
5 in regulating the clonal deletion of self -reactive lymphocytes in 
the periphery [Krammer et al., Curr. Op. Immunol., 6:279-289 
(1994); Nagata et al . , Science , 267:1449-1456 (1995)]. Apo-1 
ligand is also reported to induce post -stimulation apoptosis in 
CD4 -positive T lymphocytes and in B lymphocytes, and may be 
10 involved in the elimination of activated lymphocytes when their 
function is no longer needed [Krammer et al., supra; Nagata et al., 
supra ] . Agonist mouse monoclonal antibodies specifically binding 
to the Apo-1 receptor have been reported to exhibit cell killing 
activity that is comparable to or similar to that of TNF-a 

JP15 [Yonehara et al., J. Exp. Med. . 169:1747-1756 (1989)]. 

Q TNF Family of Receptors 

j= Induction of various cellular responses mediated by such 

^ TNF family cytokines is believed to be initiated by their binding 

11 to specific cell receptors. Two distinct TNF receptors of 

Wl20 approximately 55-kDa (TNFR1) and 75-kDa (TNFR2) have been 
U identified [Hohman et al., J. Biol. Chem. , 264:14927-14934 (1989); 

m Brockhaus et al., Proc. Natl. Acad. Sci. , 87:3127-3131 (1990); EP 

\t 417,563, published March 20, 1991] and human and mouse cDNAs 

7q corresponding to both receptor types have been isolated and 

^25 characterized [Loetscher et al., Cell , 61:351 (1990); Schall et 
al.. Cell , 61:361 (1990); Smith et al., Science, 248:1019-1023 
(1990); Lewis et al., Proc. Natl. Acad. Sci. , 88:2830-2834 (1991); 
Goodwin et al., MoT. Cell. Biol. , 11:3020-3026 (1991)]. Extensive 
polymorphisms have been associated with both TNF receptor genes 
30 [see, e.g., Takao et al., Immunoaenetics , 37:199-203 (1993)]. Both 
TNFRs share the typical structure of cell surface receptors 
including extracellular, transmembrane and intracellular regions. 
The extracellular portions of both receptors are found naturally 
also as soluble TNF-binding proteins [Nophar, Y. et al., EMBO J . , 
35 9:3269 (1990); and Kohno, T. et al., Proc. Natl. Acad. Sci. U.S.A., 
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87:8331 (1990)] . More recently, the cloning of recombinant soluble 

TNF receptors was reported by Hale et al. [J, Cell. — Biochem. 

Supplement 15F , 1991, p. 113 (P424)]. 

The extracellular portion of type 1 and type 2 TNFRs 
(TNFR1 and TNFR2) contains a repetitive amino acid sequence pattern 
of four cysteine-rich domains (CRDs) designated 1 through 4, 
starting from the NH 2 -terminus . Each CRD is about 40 amino acids 
long and contains 4 to 6 cysteine residues at positions which are 
well conserved [Schall et al., supra; Loetscher et al., supra; 
Smith et al., supra ; Nophar et al., supra ; Kohno et al., supra] . 
In TNFR1, the approximate boundaries of the four CRDs are as 
follows: CRD1- amino acids 14 to about 53; CRD2- amino acids from 
about 54 to about 97; CRD3- amino acids from about 98 to about 138; 
CRD4- amino acids from about 139 to about 167. In TNFR2, CRD1 
includes amino acids 17 to about 54; CRD2- amino acids from about 
55 to about 97; CRD 3- amino acids from about 98 to about 140; and 
CRD4- amino acids from about 141 to about 179 [Banner et al., Cell, 
73:431-435 (1993)]. The potential role of the CRDs in ligand 
binding is also described by Banner et al., supra . 

A similar repetitive pattern of CRDs exists in several 
other cell-surface proteins, including the p75 nerve growth factor 
receptor (NGFR) [Johnson et al., Cell . 47:545 (1986); Radeke et 
al., Nature , 325:593 (1987)], the B cell antigen CD40 [Stamenkovic 
et al., EMBO J. , 8:1403 (1989)], the T cell antigen OX40 [Mallet et 
al., EMBO J. , 9:1063 (1990)] and the Fas antigen [Yonehara et al., 
supra and Itoh et al., supra ] . CRDs are also found in the soluble 
TNFR (sTNFR) -like T2 proteins of the Shope and myxoma poxviruses 
[Upton et al., Virology , 160:20-29 (1987); Smith et al., Biochem. 
Biophvs. Res. Commun. , 176:335 (1991); Upton et al., Virology, 
184:370 (1991)]. Optimal . alignment of these sequences indicates 
that the positions of the cysteine residues are well conserved. 
These receptors are sometimes collectively referred to as members 
of the TNF/NGF receptor superfamily. Recent studies on p75NGFR 
showed that the deletion of CRD1 [Welcher, A. A. et al., Proc. Natl. 
Acad. Sci. USA , 88:159-163 (1991)] or a 5-amino acid insertion in 



this domain [Yan, H. and Chao, M.V., J. Biol. Chem. , 266 :12099- 
12104 (1991)] had little or no effect on NGF binding [Yan, H. and 
Chao, M.V. , supra ] . 4 p75 NGFR contains a proline-rich stretch of 
about 60 amino acids, between its CRD4 and transmembrane region, 
5 which is not involved in NGF binding [Peetre, C. et al., Eur. J. 
Hematol . , 41:414-419 (1988); Seckinger, P. et al., J. Biol. Chem. , 
264:11966-11973 (1989); Yan, H. and Chao, M.V., supra ] . A similar 
proline-rich region is found in TNFR2 but not in TNFR1. 

Itoh et al. disclose that the Apo-1 receptor can signal 
10 an apoptotic cell death similar to that signaled by the 55-kDa 
TNFR1 [Itoh et al . , supra ] . Expression of the Apo-1 antigen has 
also been reported to be down-regulated along with that of TNFR1 
when cells are treated with either TNF-a or ant i -Apo-1 mouse 
monoclonal antibody [Krammer et al., supra ; Nagata et al., supra ] . 
mL5 Accordingly, some investigators have hypothesized that cell lines 
D that co-express both Apo-1 and TNFR1 receptors may mediate cell 

J killing through common signaling pathways [ Id. ] . 

CP The TNF family ligands identified to date, with the 

r? exception of lymphotoxin-a, are type II transmembrane proteins, 

U120 whose C-terminus is extracellular. In contrast, the receptors in 
the TNF receptor (TNFR) family identified to date are type I 
\r\ transmembrane proteins. In both the TNF ligand and receptor 

H; families, however, homology identified between family members has 

In 

^ been found mainly in the extracellular domain ("BCD") . Several of 

\J25 the TNF family cytokines, including TNF-a, Apo-1 ligand and CD40 
ligand, are cleaved proteolytically at the cell surface; the 
resulting protein in each case typically forms a homotrimeric 
molecule that functions as a soluble cytokine. TNF receptor family 
proteins are also usually cleaved proteolytically to release 
30 soluble receptor ECDs that can function as inhibitors of the 
cognate cytokines. 

Recently, other members of the TNFR family have been 
identified. In Marsters et al., Curr. Biol. , 6:750 (1996), 
investigators describe a full length native sequence human 
35 polypeptide, called Apo-3, which exhibits similarity to the TNFR 
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family in its extracellular cysteine-rich repeats and resembles 
TNFR1 and CD95 in that it contains a cytoplasmic death domain 
sequence [see also Marsters et al., Curr. Biol. , 6:1669 (1996)]. 
Apo-3 has also been referred to by other investigators as DR3 , wsl- 
5 1 and TRAMP [Chinnaiyan et al., Science , 274:990 (1996); Kitson et 
al. ; Nature, 384:372 (1996) ; Bodmer et al. , Immunity , 6:79 (1997)]. 

Pan et al . have disclosed another TNF receptor family 
member referred to as "DR4" [Pan et al., Science , 276:111-113 
(1997)]. The DR4 was reported to contain a cytoplasmic death 
10 domain capable of engaging the cell suicide apparatus. Pan et al. 
disclose that DR4 is believed to be a receptor for the ligand known 
as Apo-2 ligand or TRAIL. 

The Apoptosis-Inducing Signaling Complex 
As presently understood, the cell death program contains 
gil5 at least three important elements - activators, inhibitors, and 
effectors; in C. elegans, these elements are encoded respectively 
J by three genes, Ced-4, Ced-9 and Ced-3 [Steller, Science , 267 :1445 

0} (1995); Chinnaiyan et al., Science , 275:1122-1126 (1997)]. Two of 

rV the TNFR family members, TNFR1 and Fas/Apol (CD95) , can activate 

]IU0 apoptotic cell death [Chinnaiyan and Dixit, Current Biology , 6:555- 
!L 562 (1996); Fraser and Evan, Cell ; 85:781-784 (1996)]. TNFR1 is 

y 

if, also known to mediate activation of the transcription factor, NF-kB 

[Tartaglia- et al., Cell , 74:845-853 (1993); Hsu et al . , Cell , 
% 84:299-308 (1996)]. In addition to some ECD homology, these two 

S35 receptors share homology in their intracellular domain (ICD) in an 
oligomerization interface known as the death domain [Tartaglia et 
al., supra ? Nagata, Cell , 88:355 (1997)]. Death domains are also 
found in several metazoan proteins that regulate apoptosis, namely, 
the Drosophila protein, Reaper, and the mammalian proteins referred 
30 to as FADD/MORT1, TRADD, and RIP [Cleaveland and Ihle, Cell , 
81:479-482 (1995)]. Using the yeast-two hybrid system, Raven et 
al. report the identification of protein, wsl-1, which binds to the 
TNFR1 death domain [Raven et al., Programmed Cell Death Meeting, 
September 20-24, 1995, Abstract at page 127; Raven et al., European 
35 Cytokine Network , 7:Abstr. 82 at page 210 (April-June 1996)]. The 
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wsl-1 protein is described as being homologous to TNFR1 (48% 
identity) and having a restricted tissue distribution. According 
to Raven et al., the tissue distribution of wsl-1 is significantly 
different from the TNFR1 binding protein, TRADD. 
5 Upon ligand binding and receptor clustering, TNFR1 and 

CD95 are believed to recruit FADD into a death- inducing signalling 
complex. CD95 purportedly binds FADD directly, while TNFR1 binds 
FADD indirectly via TRADD [Chinnaiyan et al,, Cell , 81:505-512 

(1995) ; Boldin et al., J. Biol, Chem. , 270:387-391 (1995); Hsu et 
10 al., supra ; Chinnaiyan et al., J. Biol. Chem. , 271:4961-4965 

(1996) ]. It has been reported that FADD serves as an adaptor 
protein which recruits the Ced-3-related protease, MACHa/FLICE 

(caspase 8), into the death signalling complex [Boldin et al., 
Cell , 85:803-815 (1996); Muzio et al . , Cell , 85:817-827 (1996)]. 

ml5 MACHof/FLICE appears to be the trigger that sets off a cascade of 
apoptotic proteases, including the interleukin-10 converting enzyme 
j= (ICE) and CPP32/Yama, which may execute some critical aspects of 

yl the cell death programme [Fraser and Evan, supra ] . 

fin 

j*T It was recently disclosed that programmed cell death 

0120 involves the activity of members of a family of cysteine proteases 
!L related to the C. elegans cell death gene, ced-3, and to the 

m mammalian IL-l-converting enzyme, ICE. The activity of the ICE and 

CPP32/Yama proteases can be inhibited by the product of the cowpox 
~=J virus gene, crmA [Ray et al., Cell , 69:597-604 (1992); Tewari et 

SJ25 al., Cell , 81:801-809 (1995)]. Recent studies show that CrmA can 

inhibit TNFR1- and CD95-induced cell death [Enari et al., Nature , 

375:78-81 (1995); Tewari et al., J. Biol. Chem. , 270:3255-3260 

(1995)] . 

As reviewed recently by Tewari et al., TNFR1, TNFR2 and 
30 CD40 modulate the expression of proinflammatory and costimulatory 
cytokines, cytokine receptors, and cell adhesion molecules through 
activation of the transcription factor, NF-kB [Tewari et al., Curr . 
Op. Genet. Develop. , 6:39-44 (1996)] . NF-./cB is the prototype of a 
family of dimeric transcription factors whose subunits contain 
35 conserved Rel regions [Verma et al., Genes Develop. , 9:2723-2735 
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(1996); Baldwin, Ann, Rev. Immunol. , 14:649-681 (1996)]. In its 
latent form, NF-kB is complexed with members of the IkB inhibitor 
family; upon inactivation of the IkB in response to certain 
stimuli, released NF-/cB translocates to the nucleus where it binds 
5 to specific DNA sequences and activates gene transcription. 

For a review of the TNF family of cytokines and their 
receptors, see Gruss and Dower, supra . 

SUMMARY OF THE INVENTION 
10 Applicants have identified cDNA clones that encode novel 

polypeptides, designated in the present application as "Apo-2. n It 
is believed that Apo-2 is a member of the TNFR family; full-length 
native sequence human Apo-2 polypeptide exhibits some similarities 
to some known TNFRs, including a cytoplasmic death domain region. 
ffl5 Full-length native sequence human Apo-2 also exhibits similarity to 
D the TNFR family in its extracellular cysteine-rich repeats. Apo-2 

J polypeptide has been found to be capable of triggering caspase- 

ff§ dependent apoptosis and activating NF-/cB. Applicants surprisingly 

T! found that the soluble extracellular domain of Apo-2 binds Apo-2 

;jj20 ligand (Apo-2L) and can inhibit Apo-2 ligand function. It is 
L_ presently believed that Apo-2 ligand can signal via at least two 

jji different receptors, DR4 and the newly described Apo-2 herein. 

H; In one embodiment, the invention provides isolated Apo-2 

Jj polypeptide. In particular, the invention provides isolated native 

\J25 sequence Apo-2 polypeptide, which in one embodiment, includes an 
amino acid sequence comprising residues 1 to 411 of Figure 1 (SEQ 
ID N0:1). In other embodiments, the isolated Apo-2 polypeptide 
comprises at least about 80% amino acid sequence identity with 
native sequence Apo-2 polypeptide comprising residues 1 to 411 of 
30 Figure 1 (SEQ ID N0:1) . 

In another embodiment, the invention provides an isolated 
extracellular domain (ECD) sequence of Apo-2. Optionally, the 
isolated extracellular domain sequence comprises amino acid 
residues 54 to 182 of Fig. 1 (SEQ ID N0:1) . 
35 In another embodiment, the invention provides an isolated 
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death domain sequence of Apo-2. Optionally, the isolated death 
domain sequence comprises amino acid residues 324 to 391 of Fig. 1 
(SEQ ID N0:1) . 

In another embodiment, the invention provides chimeric 
5 molecules comprising Apo-2 polypeptide fused to a heterologous 
polypeptide or amino acid sequence. An example of such a chimeric 
molecule comprises an Apo-2 fused to an immunoglobulin sequence. 
Another example comprises an extracellular domain sequence of Apo-2 
fused to a heterologous polypeptides or amino acid sequence, such as 
10 an immunoglobulin sequence. 

In another embodiment, the invention provides an isolated 
nucleic acid molecule encoding Apo-2 polypeptide. In one aspect, 
the nucleic acid molecule is RNA or DNA that encodes an Apo-2 
polypeptide or a particular domain of Apo-2, or is complementary to 
pl5 such encoding nucleic acid sequence, and remains stably bound to it 
- under at least moderate, and optionally, under high stringency 

.p conditions. In one embodiment, the nucleic acid sequence is 

CP selected from: 

m 

j\ . (a) the coding region of the nucleic acid sequence of 

UpO Figure 1 (SEQ ID NO:2) that codes for residue 1 to residue 411 
L. (i.e., nucleotides 140-142 through 1370-1372), inclusive; 

m (b) the coding region of the nucleic acid sequence of 

f- Figure 1 (SEQ ID NO: 2) that codes for residue 1 to residue 182 

J (i.e., nucleotides 140-142 through 683-685), inclusive; 

M25 (c) the coding region of the nucleic acid sequence of 

Figure 1 (SEQ ID NO: 2) that codes for residue 54 to residue 182 
(i.e., nucleotides 299-301 through 683-685), inclusive; 

(d) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO: 2) that codes for residue 324 to residue 391 

30 (i.e., nucleotides 1109-1111 through 1310-1312), inclusive; or 

(e) a sequence corresponding to the sequence of (a) , (b) , 
(c) or (d) within the scope of degeneracy of the genetic code. 

In a further embodiment, the invention provides a vector 
comprising the nucleic acid molecule encoding the Apo-2 polypeptide 
35 or particular domain of Apo-2. A host cell comprising the vector 
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or the nucleic acid molecule is also provided. A method of 
producing Apo-2 is further provided. 

In another embodiment, the invention provides an antibody 
which specifically binds to Apo-2. The antibody may be an 
5 agonistic, antagonistic or neutralizing antibody. 

In another embodiment, the invention provides non-human, 
transgenic or knock-out animals. 

A further embodiment of the invention provides articles 
of manufacture and kits that include Apo-2 or Apo-2 antibodies. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows the nucleotide sequence of a native 
sequence human Apo-2 cDNA and its derived amino acid sequence. 

Figure 2A shows the derived amino acid sequence of a 
gfl.5 native sequence human Apo-2 - the putative signal sequence is 
underlined, the putative transmembrane domain is boxed, and the 
]» putative death domain sequence is dash underlined. The cysteines 

EP of the two cysteine -rich domains are individually underlined. 

rV Figure 2B shows an alignment and comparison of the death 

[J120 domain sequences of native sequence human Apo-2, DR4, Apo~3/DR3, 
L. TNFR1, and Fas/Apo-1 (CD95) . Asterisks indicate residues that are 

m essential for death signaling by TNFR1 [Tartaglia et al., supra] . 

Figure 3 shows the interaction of the Apo-2 ECD with Apo- 
2L. Supernatants from mock-transfected 293 cells or from 293 cells 
S|25 transfected with Flag epitope-tagged Apo-2 ECD were incubated with 
poly-His-tagged Apo-2L and subjected to immunoprecipitation with 
anti-Flag conjugated or Nickel conjugated agarose beads. The 
precipitated proteins were resolved by electrophoresis on 
polyacrylamide gels, and detected by immunoblot with anti-Apo-2L or 
30 anti-Flag antibody. 

Figure 4 shows the induction of apoptosis by Apo-2 and 
inhibition of Apo-2L activity by soluble Apo-2 ECD. Human 293 
cells (A, B) or HeLa cells (C) were transfected by pRK5 vector or 
by pRK5-based plasmids encoding Apo-2 and/or CrmA. Apoptosis was 
35 assessed by morphology (A) , DNA fragmentation (B) , or by FACS (C- 
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E) . Soluble Apo-2L was pre-incubated with buffer or affinity- 
purified Apo-2 ECD together with anti-Flag antibody or Apo-2 ECD 
immunoadhesin or DR4 or TNFR1 immunoadhesins and added to HeLa 
cells. The cells were later analyzed for apoptosis (D) . Dose- 
response analysis using Apo-2L with Apo-2 ECD immunoadhesin was 
also determined (E) . 

Figure 5 shows activation of NF-kB by Apo-2 , DR4, and 
Apo-2L. (A) HeLa cells were transfected with expression plasmids 
encoding the indicated proteins. Nuclear extracts were prepared 
and analyzed by an electrophoretic mobility shift assay. (B) HeLa 
cells or MCF7 cells were treated with buffer, Apo-2L or TNF-alpha 
and assayed for NF-kB activity. (C) HeLa cells were preincubated 
with buffer, ALLN or cyclohexamide before addition of Apo-2L. 
Apoptosis was later analyzed by FACS. 

Figure 6 shows expression of Apo-2 mRNA in human tissues 
as analyzed by Northern hybridization of human tissue poly A RNA 
blots. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
I . Definitions 

The terms "Apo-2 polypeptide" and "Apo-2" when used 
herein encompass native sequence Apo-2 and Apo-2 variants (which 
are further defined herein) . These terms encompass Apo-2 from a 
variety of mammals, including humans. The Apo-2 may be isolated 
from a variety of sources, such as from human tissue types or from 
another source, or prepared by recombinant or synthetic methods. 

A "native sequence Apo-2" comprises a polypeptide having 
the same amino acid sequence as an Apo-2 derived from nature. 
Thus, a native sequence Apo-2 can have the amino acid sequence of 
naturally-occurring Apo-2 from any mammal. Such native sequence 
Apo-2 can be isolated from nature or can be produced by recombinant 
or synthetic means. The term "native sequence Apo-2" specifically 
encompasses naturally-occurring truncated or secreted forms of the 
Apo-2 (e.g. , an extracellular domain sequence) , naturally-occurring 
variant forms (e.g., alternatively spliced forms) and naturally- 
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occurring allelic variants of the Apo-2. A naturally-occurring 
variant form of the Apo-2 includes an Apo-2 having an amino acid 
substitution at residue 410 in the amino acid sequence shown in 
Figure 1 (SEQ ID NO:l). In one embodiment .of such naturally- 
ocurring variant form, the leucine residue at position 410 is 
substituted by a methionine residue. In Fig. 1 (SEQ ID NO:l) , the 
amino acid residue at position 410 is identified as "Xaa" to 
indicate that the amino acid may, optionally, be either leucine or 
methionine. In Fig. 1 (SEQ ID NO:2), the nucleotide at position 
1367 is identified as "W" to indicate that the nucleotide may be 
either adenine (A) or thymine (T) or uracil (U) . In one embodiment 
of the invention, the native sequence Apo-2 is a mature or full- 
length native sequence Apo-2 comprising amino acids 1 to 411 of 
Fig. 1 (SEQ ID NO:l) . 

The "Apo-2 extracellular domain" or "Apo-2 ECD" refers to 
a form of Apo-2 which is essentially free of the transmembrane and 
cytoplasmic domains of Apo-2. Ordinarily, Apo-2 ECD will have less 
than 1% of such transmembrane and/or cytoplasmic domains and 
preferably, will have less than 0.5% of such domains. Optionally, 
Apo-2 ECD will comprise amino acid residues 54 to 182 of Fig. 1 
(SEQ ID NO:l) or amino acid residues 1 to 182 of Fig. 1 (SEQ ID 
N0:1) . 

"Apo-2 variant" means a biologically active Apo-2 as 
defined below having at least about 80% amino acid sequence 
identity with the Apo-2 having the deduced amino acid sequence 
shown in Fig. 1 (SEQ ID NO:l) for a full-length native sequence 
human Apo-2. Such Apo-2 variants include, for instance, Apo-2 
polypeptides wherein one or more amino acid residues are added, or 
deleted, at the N- or C- terminus of the sequence of Fig. 1 (SEQ ID 
NO:l). Ordinarily, an Apo-2 variant will have at least about 80% 
amino acid sequence identity, more preferably at least about 90% 
amino acid sequence identity, and even more preferably at least 
about 95% amino acid sequence identity with the amino acid sequence 
of Fig. 1 (SEQ ID NO:l) . 

"Percent (%} amino acid sequence identity" with respect 
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to the Apo-2 sequences identified herein is defined as the 
percentage of amino acid residues in a candidate sequence that are 
identical with the amino acid residues in the Apo-2 sequence, after 
aligning the sequences and introducing gaps, if necessary, to 
5 achieve the maximum percent sequence identity, and not considering 
any conservative substitutions as part of the sequence identity. 
Alignment for purposes of determining percent amino acid sequence 
identity can be achieved in various ways that are within the skill 
in the art, for instance, using publicly available computer 
10 software such as ALIGN™ or Megalign (DNASTAR) software. Those 
skilled in the art can determine appropriate parameters for 
measuring alignment, including any algorithms needed to achieve 
maximal alignment over the full length of the sequences being 
compared . 

(T]15 The term "epitope tagged" when used herein refers to a 

U chimeric polypeptide comprising Apo-2, or a domain sequence 

]5 thereof, fused to a "tag polypeptide". The tag polypeptide has 

ffl enough residues to provide an epitope against which an antibody can 

fV be made, yet is short enough such that it does not interfere with 

m20 activity of the Apo-2. The tag polypeptide preferably also is 
!L fairly unique so that the antibody does not substantially cross- 

y| react with other epitopes. Suitable tag polypeptides generally 

H; have at least six amino acid residues and usually between about 8 

J*; to about 50 amino acid residues (preferably, between about 10 to 

SJ25 about 20 residues) . 

"Isolated, " when used to describe the various 
polypeptides disclosed herein, means polypeptide that has been 
identified and separated and/or recovered from a component of its 
natural environment. Contaminant components of its natural 
30 environment are materials that would typically interfere with 
diagnostic or therapeutic uses for the polypeptide, and may include 
enzymes, hormones, and other proteinaceous or non-proteinaceous 
solutes. In preferred embodiments, the polypeptide will be 
purified (1) to a degree sufficient to obtain at least 15 residues 
35 of N- terminal or internal amino acid sequence by use of a spinning 
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cup sequenator, or (2) to homogeneity by SDS-PAGE under non- 
reducing or reducing conditions using Coomassie blue or, 
preferably, silver stain. Isolated polypeptide includes 
polypeptide in situ within recombinant cells, since at least one 
component of the Apo-2 natural environment will not be present. 
Ordinarily, however, isolated polypeptide will be prepared by at 
least one purification step. 

An "isolated" Apo-2 nucleic acid molecule is a nucleic 
acid molecule that is identified and separated from at least one 
contaminant nucleic acid molecule with which it is ordinarily 
associated in the natural source of the Apo-2 nucleic acid. An 
isolated Apo-2 nucleic acid molecule is other than in the form or 
setting in which it is found in nature. Isolated Apo-2 nucleic 
acid molecules therefore are distinguished from the Apo-2 nucleic 
acid molecule as it exists in natural cells. However, an isolated 
Apo-2 nucleic acid molecule includes Apo-2 nucleic acid molecules 
contained in cells that ordinarily express Apo-2 where, for 
example, the nucleic acid molecule is in a chromosomal location 
different from that of natural cells.. 

The term "control sequences" refers to DNA sequences 
necessary for the expression of an operably linked coding sequence 
in a particular host organism. The control sequences that are 
suitable for prokaryotes, for example, include a promoter, 
optionally an operator sequence, and a ribosome binding site. 
Eukaryotic cells are known to utilize promoters, polyadenylation 
signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into 
a functional relationship with another nucleic acid sequence. For 
example, DNA for a presequence or secretory leader is operably 
linked to DNA for a polypeptide if it is expressed as a preprotein 
that participates in the secretion of the polypeptide; a promoter 
or enhancer is operably linked to a coding sequence if it affects 
the transcription of the sequence; or a ribosome binding site is 
operably linked to a coding sequence if it is positioned so as to 
facilitate translation. Generally, "operably linked" means that 
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the DNA sequences being linked are contiguous, and, in the case of 
a secretory leader, contiguous and in reading phase. However, 
enhancers do not have to be contiguous. Linking is accomplished by 
ligation at convenient restriction sites. If such sites do not 
exist, the synthetic oligonucleotide adaptors or linkers are used 
in accordance with conventional practice. 

The term "antibody 11 is used in the broadest sense and 
specifically covers single anti-Apo-2 monoclonal antibodies 
(including agonist, antagonist, and neutralizing antibodies) and 
anti-Apo-2 antibody compositions with polyepitopic specificity. 

The term "monoclonal antibody" as used herein refers to 
an antibody obtained from a population of substantially homogeneous 
antibodies, i.e., the individual antibodies comprising the 
population are identical except for possible naturally-occurring 
mutations that may be present in minor amounts. Monoclonal 
antibodies are highly specific, being directed against a single 
antigenic site. Furthermore, in contrast to conventional 
(polyclonal) antibody preparations which typically include 
different antibodies directed against different determinants 
(epitopes) , each monoclonal antibody is directed against a single 
determinant on the antigen. 

The monoclonal antibodies herein include hybrid and 
recombinant antibodies produced by splicing a variable (including 
hypervariable) domain of an anti-Apo-2 antibody with a constant 
domain (e.g. "humanized" antibodies) , or a light chain with a heavy 
chain, or a chain from one species with a chain from another 
species, or fusions with heterologous proteins, regardless of 
species of origin or immunoglobulin class or subclass designation, 
as well as antibody fragments (e.g., Fab, F(ab') 2 , and Fv) , so long 
as they exhibit the desired biological activity. See, e.g. U.S. 
Pat. No. 4,816,567 and Mage et al., in Monoc lona 1 Ant ibody 
Production Techniques and Applications , pp. 79-97 (Marcel Dekker, 
Inc. : New York, 1987) . 

Thus, the modifier "monoclonal" indicates the character 
of the antibody as being obtained from a substantially homogeneous 
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population of antibodies, and is not to be construed as requiring 
production of the antibody by any particular method. For example, 
the monoclonal antibodies to be used in accordance with the present 
invention may be made by the hybridoma method first described by 
Kohler and Milstein, Nature , 256:495 (1975), or may be made by 
recombinant DNA methods such as described in U.S. Pat. No. 
4,816,567. The "monoclonal antibodies" may also be isolated from 
phage libraries generated using the techniques described in 
McCafferty et al., Nature, 348:552-554 (1990), for example. 

"Humanized" forms of non-human (e.g. murine) antibodies 
are specific chimeric immunoglobulins, immunoglobulin chains, or 
fragments thereof (such as Fv, Fab, Fab', F(ab') 2 or other antigen- 
binding subsequences of antibodies) which contain minimal sequence 
derived from non-human immunoglobulin. For the most part, 
humanized antibodies are human immunoglobulins (recipient antibody) 
in which residues from a complementary determining region (CDR) of 
the recipient are replaced by residues from a CDR of a non-human 
species (donor antibody) such as mouse, rat, or rabbit having the 
desired specificity, affinity, and capacity. In some instances, Fv 
framework region (FR) residues of the human immunoglobulin are 
replaced by corresponding non-human residues. Furthermore, the 
humanized antibody may comprise residues which are found neither in 
the recipient antibody nor in the imported CDR or framework 
sequences. These modifications are made to further refine and 
optimize antibody performance. In general, the humanized antibody 
will comprise substantially all of at least one, and typically two, 
variable domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human immunoglobulin and all 
or substantially all of the FR regions are those of a human 
immunoglobulin consensus sequence. The humanized antibody 
optimally also will comprise at least a portion of an 
immunoglobulin constant region or domain (Fc) , typically that of a 
human immunoglobulin. 

"Biologically active" and "desired biological activity" 
for the purposes herein mean having the ability to modulate 
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apoptosis (either in an agonistic or stimulating manner or in an 
antagonistic or blocking manner) in at least one type of mammalian 
cell in vivo or ex vivo. 

The terms "apoptosis" and "apoptotic activity" are used 
in a broad sense and refer to the orderly or controlled form of 
cell death in mammals that is typically accompanied by one or more 
characteristic cell changes, including condensation of cytoplasm, 
loss of plasma membrane microvilli, segmentation of the nucleus, 
degradation of chromosomal DNA or loss of mitochondrial function. 
This activity can be determined and measured, for instance, by cell 
viability assays, FACS analysis or DNA electrophoresis, all of 
which are known in the art . 

The terms "treating," "treatment," and "therapy" as used 
herein refer to curative therapy, prophylactic therapy, and 
preventative therapy. 

The term "mammal" as used herein refers to any mammal 
classified as a mammal, including humans, cows, horses, dogs and 
cats. In a preferred embodiment of the invention, the mammal is a 
human. 

II- Compositions and Methods of the Invention 

The present invention provides newly identified and 
isolated Apo-2 polypeptides. In particular, Applicants have 
identified and isolated various human Apo-2 polypeptides. The 
properties and characteristics of some of these Apo-2 polypeptides 
are described in further detail in the Examples below. Based upon 
the properties and characteristics of the Apo-2 polypeptides 
disclosed herein, it is Applicants' present belief that Apo-2 is a 
member of the TNFR family. 

A description follows as to how Apo-2, as well as Apo-2 
chimeric molecules and ant i -Apo-2 antibodies, may be prepared. 
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A. Preparation of Apo-2 

The description below relates primarily to production of 
Apo-2 by culturing cells transformed or transfected with a vector 
containing Apo-2 nucleic acid. It is of course, contemplated that 
alternative methods, which are well known in the art, may be 
employed to prepare Apo-2. 

1. Isolation of DNA Encoding Apo-2 

The DNA encoding Apo-2 may be obtained from any cDNA 
library prepared from tissue believed to possess the Apo-2 mRNA and 
to express it at a detectable level. Accordingly, human Apo-2 DNA 
can be conveniently obtained from a cDNA library prepared from 
human tissues, such as the bacteriophage libraries of human 
pancreas and kidney cDNA described in Example 1. The Apo-2- 
encoding gene may also be obtained from a genomic library or by 
oligonucleotide synthesis. 

Libraries can be screened with probes (such as antibodies 
to the Apo-2 or oligonucleotides of at least about .20-80 bases) 
designed to identify the gene of interest or the protein encoded by 
it. Screening the cDNA or genomic . library with the selected probe 
may be conducted using standard procedures, such as described in 
Sambrook et al., Molecular Cloning: A Laboratory Manual (New York: 
Cold Spring Harbor Laboratory Press, 1989) . An alternative means 
to isolate the gene encoding Apo-2 is to use PCR methodology 
[Sambrook et al., supra ? Dieffenbach et al., PCR Primer : A 
Laboratory Manual (Cold Spring Harbor Laboratory Press, 1995)]. 

A preferred method of screening employs selected 
oligonucleotide sequences to screen cDNA libraries from various 
human tissues. Example 1 below describes techniques for screening 
a cDNA library. The oligonucleotide sequences selected as probes 
should be of sufficient length and sufficiently unambiguous that 
false positives are minimized. The oligonucleotide is preferably 
labeled such that it can be detected upon hybridization to DNA in 
the library being screened. Methods of labeling are well known in 
the art, and include the use of radiolabels like 32 P- labeled ATP, 
biotinylation or enzyme labeling. Hybridization conditions, 
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inlcuding moderate stringency and high stringency, are provided in 
Sambrook et al., supra . 

Nucleic acid having all the protein coding sequence may 
be obtained by screening selected cDNA or genomic libraries using 
the deduced amino acid sequence disclosed herein for the first 
time, and, if necessary, using conventional primer extension 
procedures as described in Sambrook et al., supra , to detect 
precursors and processing intermediates of mRNA that may not have 
been reverse -transcribed into cDNA. 

Apo-2 variants can be prepared by introducing appropriate 
nucleotide changes into the Apo-2 DNA, or by synthesis of the 
desired Apo-2 polypeptide. Those skilled in the art will 
appreciate that amino acid changes may alter post-translational 
processes of the Apo-2, such as changing the number or position of 
glycosylation sites or altering the membrane anchoring 
characteristics. 

Variations in the native full-length sequence Apo-2 or in 
various domains of the Apo-2 described herein, can be made, for 
example, using any of the techniques and guidelines for 
conservative and non- conservative mutations set forth, for 
instance, in U.S. Pat. No. 5,364,934. Variations may be a 
substitution, deletion or insertion of one or more codons encoding 
the Apo-2 that results in a change in the amino acid sequence of 
the Apo-2 as compared with the native sequence Apo-2. Optionally 
the variation is by substitution of at least one amino acid with 
any other amino acid in one or more of the domains of the Apo-2 
molecule. The variations can be made using methods known in the 
art such as oligonucleotide-mediated (site-directed) mutagenesis, 
alanine scanning, and PCR mutagenesis. Site-directed mutagenesis 
[Carter et al., Nucl . Acids Res . . 13:4331 (1986); Zoller et al., 
Nucl. Acids Res., 10:6487 (1987)], cassette mutagenesis [Wells et 
al., Gene, 34:315 (1985)], restriction selection mutagenesis [Wells 
et al -# Philos. Trans. R. Soc. London Sera , 317:415 (1986)] or 
other known techniques can be performed on the cloned DNA to 
produce the Apo-2 variant DNA. 
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Scanning amino acid analysis can also be employed to 
identify one or more amino acids along a contiguous sequence which 
are involved in the interaction with a particular ligand or 
receptor. Among the preferred scanning amino acids are relatively 
small, neutral amino acids. Such amino acids include alanine, 
glycine, serine, and cysteine. Alanine is the preferred scanning 
amino acid among this group because it eliminates the side-chain 
beyond the beta-carbon and is less likely to alter the main-chain 
conformation of the variant. Alanine is also preferred because it 
is the most common amino acid. Further, it is frequently found in 
both buried and exposed positions [Creighton, The Proteins , (W.H. 
Freeman & Co., N.Y.); Chothia, J. Mol . Biol. , 150:1 (1976)]. If 
alanine substitution does not yield adequate amounts of variant, an 
isoteric amino acid can be used. 

Once selected Apo-2 variants are produced, they can be 
contacted with, for instance, Apo-2L, and the interaction, if any, 
can be determined. The interaction between the Apo-2 variant and 
Apo-2L can be measured by an in vitro assay, such as described in 
the Examples below. While any number of analytical measurments can 
be used to compare activities and properties between a native 
sequence Apo-2 and an Apo-2 variant, a convenient one for binding 
is the dissociation constant K d of the complex formed between the 
Apo-2 variant and Apo-2L as compared to the K d for the native 
sequence Apo-2. Generally, a > 3-fold increase or decrease in K d 
per substituted residue indicates that the substituted residue (s) 
is active in the interaction of the native sequence Apo-2 with the 
Apo-2L. 

Optionally, representative sites in the Apo-2 sequence 
suitable for mutagenesis would include sites within the 
extracellular domain, and particularly, within one or both of the 
cysteine-rich domains. Such variations can be accomplished using 
the methods described above. 

2 . Insertion of Nucleic Acid into A Replicable Vector 
The nucleic acid (e.g., cDNA or genomic DNA) encoding 
Apo-2 may be inserted into a replicable vector for further cloning 
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(amplification of the DNA) or for expression. Various vectors are 
publicly available. The vector components generally include, but 
are not limited to, one or more of the following: a signal 
sequence, an origin of replication, one or more marker genes, an 
5 enhancer element, a promoter, and a transcription termination 
sequence, each of which is described below. 

(i) Signal Sequence Component 
The Apo-2 may be produced recombinant ly not only 
directly, but also as a fusion polypeptide with a heterologous 
10 polypeptide, which may be a signal sequence or other polypeptide 
having a specific cleavage site at the N-terminus of the mature 
protein or polypeptide. In general, the signal sequence may be a 
component of the vector, or it may be a part of the Apo-2 DNA that 
is inserted into the vector. The heterologous signal sequence 
gl5 selected preferably is one that is recognized and processed (i.e., 
cleaved by a signal peptidase) by the host cell. The signal 
£ . sequence may be a prokaryotic signal sequence selected, for 
W example, from the group of the alkaline phosphatase, penicillinase, 

j\ lpp, or heat-stable enterotoxin II leaders. For yeast secretion 

LP20 the signal sequence may be, e.g., the yeast invertase leader, alpha 
L. factor leader (including Saccharomyces and Kluyveromyces a- factor 

[n leaders, the latter described in U.S. Pat. No. 5,010,182), or acid 

phosphatase leader, the C. albicans glucoamylase leader (EP 362,179 
Jj published 4 April 1990), or the signal described in WO 90/13646 

N|25 published 15 November 1990. In mammalian cell expression the 
native Apo-2 presequence that normally directs insertion of Apo-2 
in the cell membrane of human cells in vivo is satisfactory, 
although other mammalian signal sequences may be used to direct 
secretion of the protein, such as signal sequences from secreted 
30 polypeptides of the same or related species, as well as viral 
secretory leaders, for example, the herpes simplex glycoprotein D 
signal. 

The DNA for such precursor region is preferably ligated 
in reading frame to DNA encoding Apo-2. 

35 
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(ii) Origin of Replication Component 
Both expression and cloning vectors contain a nucleic 
acid sequence that enables the vector to replicate in one or more 
selected host cells. Generally, in cloning vectors this sequence 
is one that enables the vector to replicate independently of the 
host chromosomal DNA, and includes origins of replication or 
autonomously replicating sequences. Such sequences are well known 
for a variety of bacteria, yeast, and viruses. The origin of 
replication from the plasmid pBR322 is suitable for most Gram- 
negative bacteria, the 2jt plasmid origin is suitable for yeast, and 
various viral origins (SV40, polyoma, adenovirus, VSV or BPV) are 
useful for cloning vectors in mammalian cells. Generally, the 
origin of replication component is not needed for mammalian 
expression vectors (the SV40 origin may typically be used because 
it contains the early promoter) . 

Most expression vectors are "shuttle" vectors, i.e., they 
are capable of replication in at least one class of organisms but 
can be transfected into another organism for expression. For 
example, a vector is cloned in E. cpli and then the same vector is 
transfected into yeast or mammalian cells for expression even 
though it is not capable of replicating independently of the host 
cell chromosome. 

DNA may also be amplified by insertion into the host 
genome. This is readily accomplished using Bacillus species as 
hosts, for example, by including in the vector a DNA sequence that 
is complementary to a sequence found in Bacillus genomic DNA. 
Transfection of Bacillus with this vector results in homologous 
recombination with the genome and insertion of Apo-2 DNA. However, 
the recovery of genomic DNA encoding Apo-2 is more complex than 
that of an exogenously replicated vector because restriction enzyme 
digestion is required to excise the Apo-2 DNA. 

(iii) Selection Gene Component 
Expression and cloning vectors typically contain a 
selection gene, also termed a selectable marker. This gene encodes 
a protein necessary for the survival or growth of transformed host 
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cells grown in a selective culture medium. Host cells not 
transformed with the vector containing the selection gene will not 
survive in the culture medium. Typical selection genes encode 
proteins that (a) confer resistance to antibiotics or other toxins, 
e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) 
complement auxotrophic deficiencies, or (c) supply critical 
nutrients not available from complex media, e.g., the gene encoding 
D-alanine racemase for Bacilli. 

One example of a selection scheme utilizes a drug to 
arrest growth of a host cell. Those cells that are successfully 
transformed with a heterologous gene produce a protein conferring 
drug resistance and thus survive the selection regimen. Examples 
of such dominant selection use the drugs neomycin [Southern et al., 
J. Molec. Appl. Genet. , 1:327 (1982)], mycophenolic acid (Mulligan 
et al., Science , 209:1422 (1980)] or hygromycin [Sugden et al., 
Mol. Cell. Biol.. 5:410-413 (1985)]. The three examples given 
above employ bacterial genes under eukaryotic control to convey 
resistance to the appropriate drug G418 or neomycin (geneticin) , 
xgpt (mycophenolic acid) , or hygromycin, respectively. 

Another example of suitable selectable markers for 
mammalian cells are those that enable the identification of cells 
competent to take up the Apo-2 nucleic acid, such as DHFR or 
thymidine kinase. The mammalian cell transf ormants are placed 
under selection pressure that only the transformants are uniquely 
adapted to survive by virtue of having taken up the marker. 
Selection pressure is imposed by culturing the transformants under 
conditions in which the concentration of selection agent in the 
medium is successively changed, thereby leading to amplification of 
both the selection gene and the DNA that encodes Apo-2. 
Amplification is the process by which genes in greater demand for 
the production of a protein critical for growth are reiterated in 
tandem within the chromosomes of successive generations of 
recombinant cells. Increased quantities of Apo-2 are synthesized 
from the amplified DNA. Other examples of amplifiable genes 
include metallothionein-I and -II, adenosine deaminase, and 
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ornithine decarboxylase. 

Cells transformed with the DHFR selection gene may first 
be identified by culturing all of the transf ormants in a culture 
medium that contains methotrexate (Mtx) , a competitive antagonist 
of DHFR. An appropriate host cell when wild- type DHFR is employed 
is the Chinese hamster ovary (CHO) cell line deficient in DHFR 
activity, prepared and propagated as described by Urlaub et al., 
Proc. Natl. Acad. Sci. USA , 77:4216 (1980) . The transformed cells 
are then exposed to increased levels of methotrexate. This leads 
to the synthesis of multiple copies of the DHFR gene, and, 
concomitantly, multiple copies of other DNA comprising the 
expression vectors, such as the DNA encoding Apo-2. This 
amplification technique can be used with any otherwise suitable 
host, e.g., ATCC No. CCL61 CHO-K1, notwithstanding the presence of 
endogenous DHFR if, for example, a mutant DHFR gene that is highly 
resistant to Mtx is employed (EP 117,060). 

Alternatively, host cells (particularly wild-type hosts 
that contain endogenous DHFR) transformed or co-transformed with 
DNA sequences encoding Apo-2, wild-type DHFR protein, and another 
selectable marker such as aminoglycoside 3' -phosphotransferase 
(APH) can be selected by cell growth in medium containing a 
selection agent for the selectable t marker such as an 
aminoglycosidic antibiotic, e.g., kanamycin, neomycin, or G418. 
See U.S. Patent No. 4,965,199. 

A suitable selection gene for use in yeast is the trpl 
gene present in the yeast plasmid YRp7 [Stinchcomb et al., Nature, 
282:39 (1979); Kingsman et al . , Gene , 7:141 (1979); Tschemper et 
al., Gene , 10:157 (1980)]. The trpl gene provides a selection 
marker for a mutant strain of yeast lacking the ability to grow in 
tryptophan, for example, ATCC No. 44076 or PEP4-1 [Jones, Genetics , 
85:12 (1977)] . The presence of the trpl lesion in the yeast host 
cell genome then provides an effective environment for detecting 
transformation by growth in the absence of tryptophan. Similarly, 
Leu2 -deficient yeast strains (ATCC 20,622 or 38,626) are 
complemented by known plasmids bearing the Leu2 gene. 
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In addition, vectors derived from the 1.6 fim circular 
plasmid pKDl can be used for transformation of Kluyveromyces yeasts 
[Bianchi et al., Curr . Genet . , 12:185 (1987)]. More recently, an 
expression system for large-scale production of recombinant calf 
chymosin was reported for K. lactis [Van den Berg, Bio/Technology , 
8:135 (1990)] . Stable multi-copy expression vectors for secretion 
of mature recombinant human serum albumin by industrial strains of 
Kluyveromyces have also been disclosed [Fleer et al., 
Bio/Technoloay . 9:968-975 (1991)]. 

(iv) Promoter Component 

Expression and cloning vectors usually contain a promoter 
that is recognized by the host organism and is operably linked to 
the Apo-2 nucleic acid sequence. Promoters are untranslated 
sequences located upstream (5') to the start codon of a structural 
gene (generally within about 100 to 1000 bp) that control the 
transcription and translation of particular nucleic acid sequence, 
such as the Apo-2 nucleic acid sequence, to which they are operably 
linked. Such promoters typically fall into two classes, inducible 
and constitutive. Inducible promoters are promoters that initiate 
increased levels of transcription from DNA under their control in 
response to some change in culture conditions, e.g., the presence 
or absence of a nutrient or a change in temperature. At this time 
a large number of promoters recognized by a variety of potential 
host cells are well known. These promoters are operably linked to 
Apo-2 encoding DNA by removing the promoter from the source DNA by 
restriction enzyme digestion and inserting the isolated promoter 
sequence into the vector. Both the native Apo-2 promoter sequence 
and many heterologous promoters may be used to direct amplification 
and/or expression of the Apo-2 DNA. 

Promoters suitable for use with prokaryotic hosts include 
the ^-lactamase and lactose promoter systems [Chang et al., Nature, 
275:615 (1978); Goeddel et al., Nature , 281:544 (1979)], alkaline 
phosphatase, a tryptophan (trp) promoter system [Goeddel, Nucleic 
Acids Res . , 8:4057 (1980) ; EP 36, 776] , and hybrid promoters such as 
the tac promoter [deBoer et al., Proc. Natl. Acad. Sci. USA . 80:21- 

-25- 



25 (1983)] . However, other known bacterial promoters are suitable. 
Their nucleotide sequences have been published, thereby enabling a 
skilled worker operably to ligate them to DNA encoding Apo-2 
[Siebenlist et al. f Cell , 20:269 (1980)] using linkers or adaptors 
to supply any required restriction sites. Promoters for use in 
bacterial systems also will contain a Shine -Dalgarno (S.D.) 
sequence operably linked to the DNA encoding Apo-2. 

Promoter sequences are known for eukaryotes. Virtually 
all eukaryotic genes have an AT-rich region located approximately 
25 to 30 bases upstream from the site where transcription is 
initiated. Another sequence found 70 to 80 bases upstream from the 
start of transcription of many genes is a CXCAAT region where X may 
be any nucleotide. At the 3' end of most eukaryotic genes is an 
AATAAA sequence that may be the signal for addition of the poly A 
tail to the 3' end of the coding sequence. All of these sequences 
are suitably inserted into eukaryotic expression vectors. 

Examples of suitable promoting sequences for use with 
yeast hosts include the promoters for 3 -phosphoglycerate kinase 
[Hitzeman et al., J. Biol. Chem. , 255:2073 (1980)] or other 
glycolytic enzymes [Hess et al., J. Adv. Enzyme Reg. . 7:149 (1968); 
Holland, Biochemistry , 17:4900 (1978)], such as enolase, 
glyceraldehyde- 3 -phosphate dehydrogenase , hexokinase , pyruvate 
decarboxylase, phosphofructokinase, glucose- 6 -phosphate isomerase, 
3 -phosphoglycerate mutase, pyruvate kinase, triosephosphate 
isomerase, phosphoglucose isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters 
having the additional advantage of transcription controlled by 
growth conditions, are the promoter regions for alcohol 
dehydrogenase 2, isocytochrome C, acid phosphatase, degradative 
enzymes associated with nitrogen metabolism, metallothionein, 
glyceraldehyde -3 -phosphate dehydrogenase, and enzymes responsible 
for maltose and galactose utilization. Suitable vectors and 
promoters for use in yeast expression are further described in EP 
73,657. Yeast enhancers also are advantageously used with yeast 
promoters . 
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Apo-2 transcription from vectors in mammalian host cells 
is controlled, for example, by promoters obtained from the genomes 
of viruses such as polyoma virus, fowlpox virus (UK 2,211,504 
published 5 July 1989), adenovirus (such as Adenovirus 2), bovine 
papilloma virus, avian sarcoma virus, cytomegalovirus, a 
retrovirus, hepatitis -B virus and most preferably Simian Virus 40 
(SV40) , from heterologous mammalian promoters, e.g., the actin 
promoter or an immunoglobulin promoter, from heat -shock promoters, 
and from the promoter normally associated with the Apo-2 sequence, 
provided such promoters are compatible with the host cell systems. 

The early and late promoters of the SV40 virus are 
conveniently obtained as an SV40 restriction fragment that also 
contains the SV40 viral origin of replication [Fiers et al., 
Nature , 273:113 (1978); Mulligan and Berg, Science , 209:1422-1427 

(1980) ; Pavlakis et al., Proc. Natl. Acad. Sci. USA , 78:7398-7402 

(1981) ] . The immediate early promoter of the human cytomegalovirus 
is conveniently • obtained as a Hindi 1 1 E restriction fragment 

[Greenaway et al., Gene , 18:355-360 (1982)]. A system for 
expressing DNA in mammalian hosts using the bovine papilloma virus 
as a vector is disclosed in U.S. Patent No. 4,419,446. A 
modification of this system is described in U.S. Patent No. 
4,601,978 [See also Gray et al., Nature, 295:503-508 (1982) on 
expressing cDNA encoding immune interferon in monkey cells; Reyes 
et al., Nature , 297:598-601 (1982) on expression of human /?- 
interferon cDNA in mouse cells under the control of a thymidine 
kinase promoter from herpes simplex virus; Canaani and Berg, Proc. 
Natl. Aca d. Sci. USA 79:5166-5170 (1982) on expression of the human 
interferon 01 gene in cultured mouse and rabbit cells; and Gorman 
et al., Proc. Natl. Acad. Sci. USA , 79:6777-6781 (1982) on 
expression of bacterial CAT sequences in CV-1 monkey kidney cells, 
chicken embryo fibroblasts, Chinese hamster ovary cells, HeLa 
cells, and mouse NIH-3T3 cells using the Rous sarcoma virus long 
terminal repeat as a promoter] . 

(v) Enhancer Element Component 
Transcription of a DNA encoding the Apo-2 of this 
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invention by higher eukaryotes may be increased by inserting an 
enhancer sequence into the vector. Enhancers are cis- acting 
elements of DNA, usually about from 10 to 300 bp, that act on a 
promoter to increase its transcription. Enhancers are relatively 
5 orientation and position independent, having been found 5' [Laimins 
et al., Proc. Natl. Acad. Sci. USA , 78:993 (1981]) and 3' [Lusky et 
al., Mol. Cell Bio. . 3:1108 {1983]) to the transcription unit, 
within an intron [Banerji et al., Cell , 33:729 (1983)], as well as 
within the coding sequence itself [Osborne et al., Mol. Cell Bio. . 
10 4:1293 (1984)]. Many enhancer sequences are now known from 
mammalian genes (globin, elastase, albumin, a-f etoprotein, and 
insulin) . Typically, however, one will use an enhancer from a 
eukaryotic cell virus. Examples include the SV40 enhancer on the 
late side of the replication origin (bp 100-270), the 
m 15 cytomegalovirus early promoter enhancer, the polyoma enhancer on 
the late side of the replication origin, and adenovirus enhancers, 
p See also Yaniv, Nature, 297:17-18 (1982) on enhancing elements for 

yl activation of eukaryotic promoters. The enhancer may be spliced 

into the vector at a position 5' or 3' to the Apo-2 coding 
{S20 sequence, but is preferably located at a site 5' from the promoter. 
!1 (vi) Transcription Termination Component 

m Expression vectors used in eukaryotic host cells (yeast, 

r* fungi, insect, plant, animal, human, or nucleated cells from other 

multicellular organisms) will also contain sequences necessary for 
SJ25 the termination of transcription and for stabilizing the mRNA. 

Such sequences are commonly available from the 5' and, occasionally 
3', untranslated regions of eukaryotic or viral DNAs or cDNAs. 
These regions contain nucleotide segments transcribed as 
polyadenylated fragments in the untranslated portion of the mRNA 
30 encoding Apo-2. 

(vii) Construction and Analysis of Vectors 
Construction of suitable vectors containing one or more 
of the above-listed components employs standard ligation 
techniques. Isolated plasmids or DNA fragments are cleaved, 
35 tailored, and re-ligated in the form desired to generate the 
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plasmids required. 

For analysis to confirm correct sequences in plasmids 
constructed, the ligation mixtures can be used to transform E. coli 
K12 strain 294 (ATCC 31,446) and successful transf ormants selected 
5 by ampicillin or tetracycline resistance where appropriate. 
Plasmids from the transf ormants are prepared, analyzed by 
restriction endonuclease digestion, and/or sequenced by the method 
of Messing et al., Nucleic Acids Res . , 9:309 (1981) or by the 
method of Maxam et al., Methods in Enzymology , 65:499 (1980). 
10 (viii) Transient Expression Vectors 

Expression vectors that provide for the transient 
expression in mammalian cells of DNA encoding Apo-2 may be 
employed. In general, transient expression involves the use of an 
expression vector that is able to replicate efficiently in a host 
jjilS cell, such that the host cell accumulates many copies of the 
□ expression vector and, in turn, synthesizes high levels of a 

"J desired polypeptide encoded by the expression vector [Sambrook et 

yi al., supra]. Transient expression systems, comprising a suitable 

;- ; expression vector and a host cell, allow for the convenient 

yl 20 positive identification of polypeptides encoded by cloned DNAs, as 
^ well as for the rapid screening of such polypeptides for desired 

[p biological or physiological properties. Thus, transient expression 

N- systems are particularly useful in the invention for purposes of 

^ identifying Apo-2 variants. 

SJ25 (ix) Suitable Exemplary Vertebrate Cell Vectors 

Other methods, vectors, and host cells suitable for 
adaptation to the synthesis of Apo-2 in recombinant vertebrate cell 
culture are described in Gething et al., Nature , 293:620-625 
(1981); Mantei et al., Nature, 281:40-46 (1979); EP 117,060; and EP 
30 117,058. 

3 . Selection and Transformation of Host Cells 
Suitable host cells for cloning or expressing the DNA in 
the vectors herein are the prokaryote, yeast, or higher eukaryote 
cells described above. Suitable prokaryotes for this purpose 
35 include but are not limited to eubacteria, such as Gram-negative or 
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Gram-positive organisms, for example, Enterobacteriaceae such as 
Escherichia, e.g., E. coli, Enterobacter , Erwinia, Klebsiella, 
Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., 
Serratia marcescans, and Shigella, as well as Bacilli such as B. 
subtilis and B. licheniformis (e.g., B. licheniformis 41P disclosed 
in DD 266,710 published 12 April 1989), Pseudoinonas such as P. 
aeruginosa, and Streptomyces. Preferably, the host cell should 
secrete minimal amounts of proteolytic enzymes. 

In addition to prokaryotes, eukaryotic microbes such as 
filamentous fungi or yeast are suitable cloning or expression hosts 
for Apo- 2 -encoding vectors. Saccharomyces cerevisiae, or common 
baker's yeast, is the most commonly used among lower eukaryotic 
host microorganisms. However, a number of other genera, species, 
and strains are commonly available and useful herein. 

Suitable host cells for the expression of glycosylated 
Apo-2 are derived from multicellular organisms. Such host cells 
are capable of complex processing and glycosylation activities. In 
principle, any higher eukaryotic cell culture is workable, whether 
from vertebrate or invertebrate culture. Examples of invertebrate 
cells include plant and insect cells. Numerous baculoviral strains 
and variants and corresponding permissive insect host cells from 
hosts such as Spodoptera frugiperda (caterpillar) , Aedes aegypti 
(mosquito) , Aedes albopictus (mosquito) , Drosophila melanogaster 
(fruitfly), and Bombyx mori have been identified [See, e.g., Luckow 
et al., Bio/Technoloay. 6:47-55 (1988); Miller et al., in Genetic 
Engineering, Setlow et al., eds., Vol. 8 (Plenum Publishing, 1986), 
pp. 277-279; and Maeda et al., Nature, 315:592-594 (1985)]. A 
variety of viral strains for transfection are publicly available, 
e.g., the L-l variant of Autographa califomica NPV and the Bm-5 
strain of Bombyx mori NPV. 

Plant cell cultures of cotton, corn, potato, soybean, 
petunia, tomato, and tobacco can be utilized as hosts. Typically, 
plant cells are transfected by incubation with certain strains of 
the bacterium Agrobacterium tumefaciens. During incubation of the 
plant cell culture with A. tumefaciens, the DNA encoding the Apo-2 



can be transferred to the plant cell host such that it is 
transfected, and will, under appropriate conditions, express the 
Apo-2 -encoding DNA. In addition, regulatory and signal sequences 
compatible with plant cells are available, such as the nopaline 
synthase promoter and polyadenylation signal sequences [Depicker et 
al., JV Mol. AppI. Gen, , 1:561 (1982)]. In addition, DNA segments 
isolated from the upstream region of the T-DNA 780 gene are capable 
of activating or increasing transcription levels of plant- 
expressible genes in recombinant DNA-containing plant tissue [EP 
321,196 published 21 June 1989]. 

Propagation of vertebrate cells in culture (tissue 
culture) is also well known in the art [See, e.g., Tissue Culture . 
Academic Press, Kruse and Patterson, editors (1973)]. Examples of 
useful mammalian host cell lines are monkey kidney CV1 line 
transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney 
line (293 or 293 cells subcloned for growth in suspension culture, 
Graham et al., J. Gen Virol. , 36:59 (1977)); baby hamster kidney 
cells (BHK, ATCC CCL 10); Chinese hamster ovary cells/-DHFR (CHO, 
Urlaub and Chasin, Proc. Natl. Acad. Sci. USA , 77:4216 (1980)); 
mouse Sertoli cells (TM4, Mather, Biol . Reprod . , 23:243-251 
(1980)); monkey kidney cells (CV1 ATCC CCL 70); African green 
monkey kidney cells (VERO-76, ATCC CRL-1587) ; human cervical 
carcinoma cells (HELA, ATCC CCL 2) ; canine kidney cells (MDCK, ATCC 
CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human 
lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 
8065); mouse mammary tumor (MMT 060562, ATCC CCL51) ; TRI cells 
(Mather et al., Annals N.Y. Acad. Sci. . 383:44-68 (1982)); MRC 5 
cells; and FS4 cells. 

Host cells are transfected and preferably transformed 
with the above-described expression or cloning vectors for Apo-2 
production and cultured in conventional nutrient media modified as 
appropriate for inducing promoters, selecting transformants, or 
amplifying the genes encoding the desired sequences. 

Transfection refers to the taking up of an expression 
vector by a host cell whether or not any coding sequences are in 



fact expressed. Numerous methods of transfection are known to the 
ordinarily skilled artisan, for example, CaP0 4 and electroporation. 
Successful transfection is generally recognized when any indication 
of the operation of this vector occurs within the host cell. 
5 Transformation means introducing DNA into an organism so 

that the DNA is replicable, either as an extrachromosomal element 
or by chromosomal integrant. Depending on the host cell used, 
transformation is done using standard techniques appropriate to 
such cells. The calcium treatment employing calcium chloride, as 
10 described in Sambrook et al., supra , or electroporation is 
generally used for prokaryotes or other cells that contain 
substantial cell-wall barriers. Infection with Agrojbacteriuni 
tumefaciens is used for transformation of certain plant cells, as 
described by Shaw et al., Gene , 23:315 (1983) and WO 89/05859 
iT; 15 published 29 June 1989. In addition, plants may be transfected 
C using ultrasound treatment as described in WO 91/00358 published 10 

% January 1991. 

(fl For mammalian cells without such cell walls, the calcium 

J J ; phosphate precipitation method of Graham and van der Eb, Virology , 

in 20 52:456-457 (1978) is preferred. General aspects of mammalian cell 
s_ host system transformations have been described in U.S. Pat. No. 

4,399,216. Transformations into yeast are typically carried out 
M= according to the method of Van Solingen et al., J. Bact . , 130 :946 

^ (1977) and Hsiao et al., Proc. Natl. Acad. Sci. (USA) , 76:3829 

U2S (1979) . However, other methods for introducing DNA into cells, 
such as by nuclear microinjection, electroporation, bacterial 
protoplast fusion with intact cells, or polycations, e.g., 
polybrene, polyorni thine, may also be used. For various techniques 
for transforming mammalian cells, see Keown et al., Methods in 
30 Enzvmoloqy , 185:527-537 (1990) and Mansour et al., Nature , 336:348- 
352 (1988) . 

4 . Culturing the Host Cells 

Prokaryotic cells used to produce Apo-2 may be cultured 
in suitable media as described generally in Sambrook et al., supra . 
35 The mammalian host cells used to produce Apo-2 may be 
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cultured in a variety of media. Examples of commercially available 
media include Ham's F10 (Sigma), Minimal Essential Medium ("MEM", 
Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's Medium 
("DMEM" , Sigma) . Any such media may be supplemented as necessary 
5 with hormones and/or other growth factors (such as insulin, 
transferrin, or epidermal growth factor) , salts (such as sodium 
chloride, calcium, magnesium, and phosphate) , buffers (such as 
HEPES) , nucleosides (such as adenosine and thymidine) , antibiotics 
(such as Gentamycin™ drug), trace elements (defined as inorganic 
10 compounds usually present at final concentrations in the micromolar 
range), and glucose or an equivalent energy source. Any other 
necessary supplements may also be included at appropriate 
concentrations that would be known to those skilled in the art. 
The culture conditions, such as temperature, pH, and the like, are 
f?i5 those previously used with the host cell selected for expression, 
D and will be apparent to the ordinarily skilled artisan. 

J In general, principles, protocols, and practical 

ffl techniques for maximizing the productivity of mammalian cell 

f! cultures can be found in Mammalian Cell Biotechnology: a Practical 

[^20 Approach , M. Butler, ed. (IRL Press, 1991) . 

* The host cells referred to in this disclosure encompass 

m cells in culture as well as cells that are within a host animal. 

H= 5 . Detecting Gene Amplification/Expression 

Gene amplification and/or expression may be measured in 

sj25 a sample directly, for example, by conventional Southern blotting, 
Northern blotting to quant itate the transcription of mRNA [Thomas, 
Proc. Natl. Acad. Sci. USA , 77:5201-5205 (1980)], dot blotting (DNA 
analysis) , or in situ hybridization, using an appropriately labeled 
probe, based on the sequences provided herein. Various labels may 
30 be employed, most commonly radioisotopes, and particularly 32 P. 
However, other techniques may also be employed, such as using 
biotin-modif ied nucleotides for introduction into a polynucleotide. 
The biotin then serves as the site for binding to avidin or 
antibodies, which may be labeled with a wide variety of labels, 
35 such as radionucleotides, fluorescers or enzymes. Alternatively, 
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antibodies may be employed that can recognize specific duplexes, 
including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes 
or DNA-protein duplexes. The antibodies in turn may be labeled and 
the assay may be carried out where the duplex is bound to a 
5 surface, so that upon the formation of duplex on the surface, the 
presence of antibody bound to the duplex can be detected. 

Gene expression, alternatively, may be measured by 
immunological methods, such as immunohistochemical staining of 
cells or tissue sections and assay of cell culture or body fluids, 
10 to quantitate directly the expression of gene product. With 
immunohistochemical staining techniques, a cell sample is prepared, 
typically by dehydration and fixation, followed by reaction with 
labeled antibodies specific for the gene product coupled, where the 
labels are usually visually detectable, such as enzymatic labels, 
ml 5 fluorescent labels, or luminescent labels. 

O Antibodies useful for immunohistochemical staining and/or 

^ assay of sample fluids may be either monoclonal or polyclonal, and 

En may be prepared in any mammal. Conveniently, the antibodies may be 

r* prepared against a native sequence Apo-2 polypeptide or against a 

yl20 synthetic peptide based on the DNA sequences provided herein or 
^ against exogenous sequence fused to Apo-2 DNA and encoding a 

specific antibody epitope. 
H; 6 . Purification of Apo-2 Polypeptide 

^ Forms of Apo-2 may be recovered from culture medium or 

SJ25 from host cell lysates. If the Apo-2 is membrane -bound, it can be 
released from the membrane using a suitable detergent solution 
(e.g. Triton-X 100) or its extracellular domain may be released by 
enzymatic cleavage. 

When Apo-2 is produced in a recombinant cell other than 
30 one of human origin, the Apo-2 is free of proteins or polypeptides 
of human origin. However, it may be desired to purify Apo-2 from 
recombinant cell proteins or polypeptides to obtain preparations 
that are substantially homogeneous as to Apo-2. As a first step, 
the culture medium or lysate may be centrifuged to remove 
35 particulate cell debris. Apo-2 thereafter is' purified from 
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contaminant soluble proteins and polypeptides, with the following 
procedures being exemplary of suitable purification procedures: by 
fractionation on an ion-exchange column; ethanol precipitation; 
reverse phase HPLC; chromatography on silica or on a cation- 
exchange resin such as DEAE; chromatof ocusing; SDS-PAGE; ammonium 
sulfate precipitation; gel filtration using, for example, Sephadex 
G-75; and protein A Sepharose columns to remove contaminants such 
as IgG. 

Apo-2 variants in which residues have been deleted, 
inserted, or substituted can be recovered in the same fashion as 
native sequence Apo-2, taking account of changes in properties 
occasioned by the variation. For example, preparation of an Apo-2 
fusion with another protein or polypeptide, e.g., a bacterial or 
viral antigen, immunoglobulin sequence, or receptor sequence, may 
facilitate purification; an immunoaf f inity column containing 
antibody to the sequence can be used to adsorb the fusion 
polypeptide. Other types of affinity matrices also can be used. 

A protease inhibitor such as phenyl methyl sulfonyl 
fluoride (PMSF) also may be useful to inhibit proteolytic 
degradation during purification, and antibiotics may be included to 
prevent the growth of adventitious contaminants. One skilled in 
the art will appreciate that purification methods suitable for 
native sequence Apo-2 may require modification to account for 
changes in the character of Apo-2 or its variants upon expression 
in recombinant cell culture. 

7. . Covalent Modifications of Apo-2 Polypeptides 

Covalent modifications of Apo-2 are included within the 
scope of this invention. One type of covalent modification of the 
Apo-2 is introduced into the molecule by reacting targeted amino 
acid residues of the Apo-2 with an organic derivatizing agent that 
is capable of reacting with selected side chains or the N- or O 
terminal residues of the Apo-2. 

Derivatization with bifunctional agents is useful for 
crosslinking Apo-2 to a water- insoluble support matrix or surface 
for use in the method for purifying anti-Apo-2 antibodies, and 
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vice-versa. Derivatization with one or more bifunctional agents 
will also be useful for crosslinking Apo-2 molecules to generate 
Apo-2 dimers. Such dimers may increase binding avidity and extend 
half-life of the molecule in vivo. Commonly used crosslinking 
5 agents include, e.g., 1, 1-bis (diazoacetyl) -2-phenylethane, 
glutaraldehyde, N-hydroxysuccinimide esters, for example, esters 
with 4-azidosalicylic acid, homobif unctional imidoesters, including 
disuccinimidyl esters such as 3, 3' -dithiobis (succinimidyl- 
propionate) , . and bifunctional maleimides such as bis-N-maleimido- 
10 1,8-octane. Derivatizing agents such as methyl-3- [ (p-azidophenyl) - 
dithio] propioimidate yield photoactivatable intermediates that are 
capable of forming crosslinks in the presence of light. 
Alternatively, reactive water- insoluble matrices such as cyanogen 
bromide-activated carbohydrates and the reactive substrates 

jfjL5 described in U.S. Patent Nos. 3,969,287; 3,691,016; 4,195,128; 

□ 4,247,642; 4,229,537; and 4,330,440 are employed for protein 

immobilization. 

Si Other modifications include deamidation of glutaminyl and 

'f! asparaginyl residues to the corresponding glutamyl and aspartyl 

y|20 residues, respectively, hydroxylation of proline and lysine, 
!L phosphorylation of hydroxyl groups of seryl or threonyl residues, 

m methylation of the a-amino groups of lysine, arginine, and 

M; histidine side chains [T.E. Creighton, Proteins: Structure and 

Lp. 

: >; Molecular Properties , W.H. Freeman & Co., San Francisco, pp. 79-86 

M25 (1983)] , acetylation of the N-terminal amine, and amidation of any 
C-terminal carboxyl group. The modified forms of the residues fall 
within the scope of the present invention. 

Another type of covalent modification of the Apo-2 
polypeptide included within the scope of this invention comprises 
30 altering the native glycosylation pattern of the polypeptide. 
"Altering the native glycosylation pattern" is intended for 
purposes herein to mean deleting one or more carbohydrate moieties 
found in native sequence Apo-2, and/or adding one or more 
glycosylation sites that are not present in the native sequence 
35 Apo-2. 
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Glycosylation of polypeptides is typically either N- 
linked or O-linked. N-linked refers to the attachment of the 
carbohydrate moiety to the side chain of an asparagine residue. 
The tripeptide sequences asparagine-X-serine and asparagine-X- 
threonine, where X is any amino acid except proline, are the 
recognition sequences for enzymatic attachment of the carbohydrate 
moiety to the asparagine side chain. Thus, the presence of either 
of these tripeptide sequences in a polypeptide creates a potential 
glycosylation site. O-linked glycosylation refers to the 
attachment of one of the sugars N-aceylgalactosamine, galactose, or 
xylose to a hydroxylamino acid, most commonly serine or threonine, 
although 5-hydroxyproline or 5 -hydroxy lysine may also be used. 

Addition of glycosylation sites to the Apo-2 polypeptide 
may be accomplished by altering the amino acid sequence such that 
it contains one or more of the above -described tripeptide sequences 
(for N-linked glycosylation sites) . The alteration may also be 
made by the addition of, or substitution by, one or more serine or 
threonine residues to the native sequence Apo-2 (for O-linked 
glycosylation sites) . The Apo-2 amino acid sequence may optionally 
be altered through changes at the DNA level, particularly by 
mutating the DNA encoding the Apo-2 polypeptide at preselected 
bases such that codons are generated that will translate into the 

desired amino acids. The DNA mutation (s) may be made using methods 

i 

described above and in U.S. Pat. No. 5,364,934, supra . 

Another means of increasing the number of carbohydrate 
moieties on the Apo-2 polypeptide is by chemical or enzymatic 
coupling of glycosides to the polypeptide. Depending on the 
coupling mode used, the sugar (s) may be attached to (a) arginine 
and histidine, (b) free carboxyl groups, (c) free sulfhydryl groups 
such as those of cysteine, (d) free hydroxyl groups such as those 
of serine, threonine, or hydroxyproline, (e) aromatic residues such 
as those of phenylalanine, tyrosine, or tryptophan, or (f) the 
amide group of glutamine. These methods are described in WO 
87/05330 published 11 September 1987, and in Aplin and Wriston, CRC 
Crit . Rev. Biochem. . pp. 259-306 (1981) . 



Removal of carbohydrate moieties present on the Apo-2 
polypeptide may be accomplished chemically or enzymatically or by 
mutational substitution of codons encoding for amino acid residues 
that serve as targets for glycosylation. For instance, chemical 
5 deglycosylation by exposing the polypeptide to the compound 
trif luoromethanesulfonic acid, or an equivalent compound can result 
in the cleavage of most or all sugars except the linking sugar (N- 
acetylglucosamine or N-acetylgalactosamine) , while leaving the 
polypeptide intact. Chemical deglycosylation is described by 
10 Hakimuddin, et al., Arch. Biochem. Biophys, , 259 :52 (1987) and by 
Edge et al., Anal. Biochem. , 118:131 (1981) . Enzymatic cleavage of 
carbohydrate moieties on polypeptides can be achieved by the use of 
a variety of endo- and exo-glycosidases as described by Thotakura 
et al., Meth. Enzvmol. , 138'350 (1987). 

rfilB Glycosylation at potential glycosylation sites may be 

prevented by the use of the compound tunicamycin as described by 

]| Duskin et al . , J. Biol. Chem. , 257:3105 (1982) . Tunicamycin blocks 

En the formation of protein-N-glycoside linkages. 

j\ Another type of covalent modification of Apo-2 comprises 

IJI20 linking the Apo-2 polypeptide to one of a variety of 
1_ nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene 

m glycol, or polyoxyalkylenes, in the manner set forth in U.S. Patent 

£ Nos. 4,640,835; 4,496,689; 4,301,144; 4,670,417; 4,791,192 or 

JJJ 4,179,337. 
'425 8. Apo-2 Chimeras 

The present invention also provides chimeric molecules 
comprising Apo-2 fused to another, heterologous polypeptide or 
amino acid sequence. 

In one embodiment, the chimeric molecule comprises a 
30 fusion of the Apo-2 with a tag polypeptide which provides an 
epitope to which an anti-tag antibody can selectively bind. The 
epitope tag is generally placed at the amino- or carboxyl- terminus 
of the Apo-2. The presence of such epitope-tagged forms of the 
Apo-2 can be detected using an antibody against the tag 
35 polypeptide. Also, provision of the epitope tag enables the Apo-2 
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to be readily purified by affinity purification using an anti-tag 
antibody or another type of affinity matrix that binds to the 
epitope tag. 

Various tag polypeptides and their respective antibodies 
are well known in the art. Examples include the flu HA tag 
polypeptide and its antibody 12CA5 [Field et al., Mol. Cell. Biol. , 
8:2159-2165 (1988)]/ the c-myc tag and the 8F9, 3C7, 6E10, G4, B7 
and 9E10 antibodies thereto [Evan et al., Molecular and Cellular 
Biology , 5:3610-3616 (1985)]; and the Herpes Simplex virus 
glycoprotein D (gD) tag and its antibody [Paborsky et al., Protein 
Engineering , 3 (6) : 547-553 (1990)] . Other tag polypeptides include 
the Flag-peptide [Hopp et al., BioTechnoloqy , 6:1204-1210 (1988)]; 
the KT3 epitope peptide [Martin et al., Science , 255:192-194 
(1992)]; an a-tubulin epitope peptide [Skinner et al., J, Biol. 
Chem. , 266:15163-15166 (1991)]; and the T7 gene 10 protein peptide 
tag [Lutz-Freyermuth et al., Proc. Natl. Acad. Sci. USA , 87 : 6393- 
6397 (1990)]. Once the tag polypeptide has been selected, an 
antibody thereto can be generated using the techniques disclosed 
herein. 

Generally, epitope-tagged Apo-2 may be constructed and 
produced according to the methods described above. Epitope-tagged 
Apo-2 is also described in the Examples below. Apo-2 -tag 
polypeptide fusions are preferably constructed by fusing the cDNA 
sequence encoding the Apo-2 portion in-frame to the tag polypeptide 
DNA sequence and expressing the resultant DNA fusion construct in 
appropriate host cells. Ordinarily, when preparing the Apo-2-tag 
polypeptide chimeras of the present invention, nucleic acid 
encoding the Apo-2 will be fused at its 3' end to nucleic acid 
encoding the N- terminus of the tag polypeptide, however 5' fusions 
are also possible. For example, a polyhistidine sequence of about 
5 to about 1.0 histidine residues may be fused at the N- terminus or 
the C- terminus and used as a purification handle in affinity 
chromatography • 

Epitope-tagged Apo-2 can be purified by affinity 
chromatography using the anti-tag antibody. The matrix to which 



the affinity antibody is attached may include, for instance, 
agarose, controlled pore glass or poly (styrenedivinyl) benzene. The 
epitope-tagged Apo-2 can then be eluted from the affinity column 
using techniques known in. the art. 
5 In another embodiment, the chimeric molecule comprises an 

Apo-2 polypeptide fused to an immunoglobulin sequence. The 
chimeric molecule may also comprise a particular domain sequence of 
Apo-2, such as the extracellular domain sequence of native Apo-2 
fused to an immunoglobulin sequence. This includes chimeras in 
10 ' monomeric, homo- or heteromultimeric, and particularly homo- or 
heterodimeric, or -tetrameric forms; optionally, the chimeras may 
be in dimeric forms or homodimeric heavy chain forms. Generally, 
these assembled immunoglobulins will have known unit structures as 
represented by the following diagrams. 
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A basic four chain structural unit is the form in which 
IgG, IgD, and IgE exist. A four chain unit is repeated in the 
higher molecular weight immunoglobulins; IgM generally exists as a 
pentamer of basic four-chain units held together by disulfide 
bonds. IgA globulin, and occasionally IgG globulin, may also exist 
in a multimeric form in serum. In the case of multimers, each four 
chain unit may be the same or different. 

The following diagrams depict some exemplary monomer, 
homo- and heterodimer and homo- and heteromultimer structures. 
These diagrams are merely illustrative, and the chains of the 
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multimers are believed to be disulfide bonded in the same fashion 
as native immunoglobulins. 
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In the foregoing diagrams, "A" means an Apo-2 sequence or 
an Apo-2 sequence fused to a heterologous sequence; X is an 
additional agent, which may be the same as A or different, a 
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portion of an immunoglobulin superfamily member such as a variable 
region or a variable region- like domain, including a native or 
chimeric immunoglobulin variable region, a toxin such a pseudomonas 
exotoxin or ricin, or a sequence functionally binding to another 
protein, such as other cytokines (i.e., IL-1, interferon-^) or cell 
surface molecules (i.e., NGFR, CD40, OX40, Fas antigen, T2 proteins 
of Shope and myxoma poxviruses) , or a polypeptide therapeutic agent 
not otherwise normally associated with a constant domain; Y is a 
linker or another receptor sequence; and V L , V H , C L and C H represent 
light or heavy chain variable or constant domains of an 
immunoglobulin. Structures comprising at least one CRD of an Apo-2 
sequence as "A" and another cell -surface protein having a 
repetitive pattern of CRDs (such as TNFR) as "X" are specifically 
included. 

It will be understood that the above diagrams are merely 
exemplary of the possible structures of the chimeras of the present 
invention, and do not encompass all possibilities. For example, 
there might desirably be several different "A"s, "X n s, or "Y"s in 
any of these constructs. Also, the heavy or light chain constant 
domains may be originated from the same or different 
immunoglobulins. All possible permutations of the illustrated and 
similar structures are all within the scope of the invention 
herein. 

In general, the chimeric molecules can be constructed in 
a fashion similar to chimeric antibodies in which a variable domain 
from an antibody of one species is substituted for the variable 
domain of another species. See, for example, EP 0 125 023; EP 
173,494; Munro, Nature , 312:597 {13 December 1984); Neuberger et 
al., Nature, 312:604-608 (13 December 1984); Sharon et al., Nature, 
309:364-367 (24 May 1984); Morrison et al., Proc. Nat'l. Acad. Sci. 
USA, 81:6851-6855 (1984); Morrison et al., Science , 229:1202-1207 
(1985); Boulianne et al., Nature , 312:643-646 (13 December 1984); 
Capon et al., Nature, 337:525-531 (1989); Traunecker et al., 
Nature, 339:68-70 (1989). 

Alternatively, the chimeric molecules may be constructed 
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as follows. The DNA including a region encoding the desired 
sequence, such as an Apo-2 and/or TNFR sequence, is cleaved by a 
restriction enzyme at or proximal to the 3' end of the DNA encoding 
the immunoglobulin- like domain (s) and at a point at or near the DNA 
5 encoding the N-terminal end of the Apo-2 or TNFR polypeptide (where 
use of a different leader is contemplated) or at or proximal to the 
N-terminal coding region for TNFR (where the native signal is 
employed) . This DNA fragment then is readily inserted proximal to 
DNA encoding an immunoglobulin light or heavy chain constant region 
10 and, if necessary, the resulting construct tailored by deletional 
mutagenesis. Preferably, the Ig is a human immunoglobulin when the 
chimeric molecule is intended for in vivo therapy for humans. DNA 
encoding immunoglobulin light or heavy chain constant regions is 
known or readily available from cDNA libraries or is synthesized. 
ryflS See for example, Adams et al., Biochemistry , 19:2711-2719 (1980); 
O Gough et al., Biochemistry , 19:2702-2710 (1980); Dolby et al., 

% Proc . Natl . Acad . Sci . . USA , 77:6027-6031 (1980)/ Rice et al., 

51 Proc. Natl. Acad. Sci. , 79:7862-7865 (1982); Falkner et al., 

Nature, 298:286-288 (1982); and Morrison et al., Ann . Rev . 
U120 Immunol . , 2:239-256 (1984). 

!L Further details of how to prepare such fusions are found 

In in publications concerning the preparation of immunoadhesins . 

H Immunoadhesins in general, and CD4-Ig fusion molecules specifically 

*A are disclosed in WO 89/02922, published 6 April 1989). Molecules 

SJ25 comprising the extracellular portion of CD4, the receptor for human 
immunodeficiency virus (HIV) , linked to IgG heavy chain constant 
region are known in the art and have been found to have a markedly 
longer half -life and lower clearance than the soluble extracellular 
portion of CD4 [Capon et al., supra ; Byrn et al., Nature , 344 :667 
30 (1990)] . The construction of specific chimeric TNFR- IgG molecules 
is also described in Ashkenazi et al. Proc. Natl. Acad. Sci. , 
88:10535-10539 (1991); Lesslauer et al. [ J. Cell. Biochem. 
Supplement 15F , 1991, p. 115 (P 432)]; and Peppel and Beutler, 
Cell. Biochem. Supplement 15F , 1991, p. 118 (P439)]. 

35 
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B. Therapeutic and Non-therapeutic Uses for Apo-2 

Apo-2, as disclosed in the present specification, can be 
employed therapeutically to induce apoptosis in mammalian cells. 
This therapy can be accomplished for instance, using in vivo or ex 
5 vivo gene therapy techniques and includes the use of the death 
domain sequences disclosed herein. The Apo-2 chimeric molecules 
(including the chimeric molecules containing the extracellular 
domain sequence of Apo-2) comprising immunoglobulin sequences can 
also be employed therapeutically to inhibit apoptosis or NF-kB 
10 induction by Apo-2L or by another ligand that Apo-2 binds to. 

The Apo-2 of the invention also has utility in non- 
therapeutic applications. Nucleic acid sequences encoding the Apo- 
2 may be used as a diagnostic for tissue- specific typing. For 
example, procedures like in situ hybridization, Northern and 
jjl5 Southern blotting, and PCR analysis may be used to determine 
Q whether DNA and/or RNA encoding Apo-2 is present in the cell 

~p type(s) being evaluated. Apo-2 nucleic acid will also be useful 

01 for the preparation of Apo-2 by the recombinant techniques 

fl described herein. 

!r20 The isolated Apo-2 may be used in quantitative diagnostic 

2_ assays as a control against which samples containing unknown 

jfj quantities of Apo-2 may be prepared. Apo-2 preparations are also 

H useful in generating antibodies, as standards in assays for Apo-2 

"~ (e.g., by labeling Apo-2 for use as a standard in a 

HJ25 radioimmunoassay, radioreceptor assay, or enzyme-linked 
immunoassay) , in affinity purification techniques, and in 
competitive -type receptor binding assays when labeled with, for 
instance, radioiodine, enzymes, or f luorophores. 

Modified forms of the Apo-2, such as the Apo-2-IgG 
30 chimeric molecules (immunoadhesins) described above, can be used as 
immunogens in producing anti-Apo-2 antibodies. 

Nucleic acids which encode Apo-2 or its modified forms 
can also be used to generate either transgenic animals or "knock 
out" animals which, in turn, are useful in the development and 
35 screening of therapeutically useful reagents. A transgenic animal 

-45- 



(e.g., a mouse or rat) is an animal having cells that contain a 
transgene, which transgene was introduced into the animal or an 
ancestor of the animal at a prenatal, e.g., an embryonic stage. A 
transgene is a DNA which is integrated into the genome of a cell 
5 from which a transgenic animal develops. In one embodiment, cDNA 
encoding Apo-2 or an appropriate sequence thereof (such as Apo-2- 
IgG) can be used to clone genomic DNA encoding Apo-2 in accordance 
with established techniques and the genomic sequences used to 
generate transgenic animals that contain cells which express DNA 
10 encoding Apo-2. Methods for generating transgenic animals, 
particularly animals such as mice or rats, have become conventional 
in the art and are described, for example, in U.S. Patent Nos. 
4,736,866 and 4,870,009. Typically, particular cells would be 
targeted for Apo-2 transgene incorporation with tissue-specific 
ni5 enhancers. Transgenic animals that include a copy of a transgene 
Q encoding Apo-2 introduced into the germ line of the animal at an 

'% embryonic stage can be used to examine the effect of increased 

m expression of DNA encoding Apo-2. Such animals can be used as 

tester animals for reagents thought to confer protection from, for 
[fpO example, pathological conditions associated with excessive 
* apoptosis. In accordance with this facet of the invention, an 

m animal is treated with the reagent and a reduced incidence of the 

M- pathological condition, compared to untreated animals bearing the 

"1 transgene, would indicate a potential therapeutic intervention for 

\p5 the pathological condition. In another embodiment, transgenic 
animals that carry a soluble form of Apo-2 such as the Apo-2 ECD or 
an immunoglobulin chimera of such form could be constructed to test 
the effect of chronic neutralization of Apo-2L, a ligand of Apo-2, 
Alternatively, non-human homologues of Apo-2 can be used 
30 to construct an Apo-2 "knock out" animal which has a defective or 
altered gene encoding Apo-2 as a result of homologous recombination 
between the endogenous gene encoding Apo-2 and altered genomic DNA 
encoding Apo-2 introduced into an embryonic cell of the animal. 
For example, cDNA encoding Apo-2 can be used to clone genomic DNA 
35 encoding Apo-2 in accordance with established techniques. A 
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portion of the genomic DNA encoding Apo-2 can be deleted or 
replaced with another gene, such as a gene encoding a selectable 
marker which can be used to monitor integration. Typically, 
several kilobases of unaltered flanking DNA (both at the 5' and 3' 
ends) are included in the vector [see e.g., Thomas and Capecchi, 
Cell , 51:503 (1987) for a description of homologous recombination 
vectors] . The vector is introduced into an embryonic stem cell 
line (e.g., by electroporation) and cells in which the introduced 
DNA has homologously recombined with the endogenous DNA are 
selected [see e.g., Li et al., Cell , 69:915 (1992)]. The selected 
cells are then injected into a blastocyst of an animal (e.g., a 
mouse or rat) to form aggregation chimeras [see e.g., Bradley, in 
Teratocarcinomas and Embryonic Stem Cells: A Practical Approach, E. 
J. Robertson, ed. (IRL, Oxford, 1987), pp. il3-152] . A chimeric 
embryo can then be implanted into a suitable pseudopregnant female 
foster animal and the embryo brought to term to create a "knock 
out" animal. Progeny harboring the homologously recombined DNA in 
their germ cells can be identified by standard techniques and used 
to breed animals in which all cells of the animal contain the 
homologously recombined DNA. Knockout animals can be characterized 
for instance, for their ability to defend against certain 
pathological conditions and for their development of pathological 
conditions due to absence of the Apo-2 polypeptide, including for 
example, development of tumors. 

C. Anti-Apo-2 Antibody Preparation 

The present invention further provides anti-Apo-2 
antibodies. Antibodies against Apo-2 may be prepared as follows. 
Exemplary antibodies include polyclonal, monoclonal, humanized, 
bispecific, and heterocon jugate antibodies. 

1. Polyclonal Antibodies 

The Apo-2 antibodies may comprise polyclonal antibodies. 
Methods of preparing polyclonal antibodies are known to the skilled 
artisan. Polyclonal antibodies can be raised in a mammal, for 
example, by one or more injections of an immunizing agent and, if 
desired, an adjuvant. Typically, the immunizing agent and/or 
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adjuvant will be injected in the mammal by multiple subcutaneous or 
intraperitoneal injections. The immunizing agent may include the 
Apo-2 polypeptide or a fusion protein thereof. An example of a 
suitable immunizing agent is a Apo-2-IgG fusion protein or chimeric 
5 molecule (including an Apo-2 ECD-IgG fusion protein) . Cells 
expressing Apo-2 at their surface may also be employed. It may be 
useful to conjugate the immunizing agent to a protein known to be 
immunogenic in the mammal being immunized. Examples of such 
immunogenic proteins which may be employed include but are not 
10 limited to keyhole limpet hemocyanin, serum albumin, bovine 
thyroglobulin, and soybean trypsin inhibitor. An aggregating agent 
such as alum may also be employed to enhance the mammal's immune 
response. Examples of adjuvants which may be employed include 
Freund's complete adjuvant and MPL-TDM adjuvant (monophosphoryl 
gf.5 Lipid A, synthetic trehalose dicorynomycolate) . The immunization 
jjf protocol may be selected by one skilled in the art without undue 

£ experimentation. The mammal can then be bled, and the serum 

♦~ 

LM assayed for antibody titer. If desired, the mammal can be boosted 

Li i 

j\ until the antibody titer increases or plateaus. 

Un20 2 . Monoclonal Antibodies 

L The Apo-2 antibodies may, alternatively, be monoclonal 

Ui antibodies. Monoclonal antibodies may be prepared using hybridoma 

^ methods, such as those described by Kohler and Milstein, supra . In 

.« a hybridoma method, a mouse, hamster, or other appropriate host 

S|25 animal, is typically immunized (such as described above) with an 
immunizing agent to elicit lymphocytes that produce or are capable 
of producing antibodies that will specifically bind to the 
immunizing agent. Alternatively, the lymphocytes may be immunized 
in vitro. 

30 The immunizing agent will typically include the Apo-2 

polypeptide or a fusion protein thereof. An example of a suitable 
immunizing agent is a Apo-2 -IgG fusion protein or chimeric 
molecule. Cells expressing Apo-2 at their surface may also be 
employed. Generally, either peripheral blood lymphocytes ("PBLs") 

35 are used if cells of human origin are desired, or spleen cells or 
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lymph node cells are used if non-human mammalian sources are 
desired. The lymphocytes are then fused with an immortalized cell 
line using a suitable fusing agent, such as polyethylene glycol, to 
form a hybridoma cell [Goding, Monoclonal Antibodies: Principles 
and Practice , Academic Press, (1986) pp. 59-103] . Immortalized 
cell lines are usually transformed mammalian cells, particularly 
myeloma cells of rodent, bovine and human origin. Usually, rat. or 
mouse myeloma cell lines are employed. The hybridoma cells may be 
cultured in a suitable culture medium that preferably contains one 
or more substances that inhibit the growth or survival of the 
unfused, immortalized cells. For example, if the parental cells 
lack the enzyme hypoxanthine guanine phosphoribosyl transferase 
(HGPRT or HPRT) , the culture medium for the hybridomas typically 
will include hypoxanthine, aminopterin, and thymidine ("HAT 
medium"), which substances prevent the growth of HGPRT -deficient 
cells . 

Preferred immortalized cell lines are those that fuse 
efficiently, support stable high level expression of antibody by 
the selected antibody-producing cells, and are sensitive to a 
medium such as HAT medium. More preferred immortalized cell lines 
are murine myeloma lines, which can be obtained, for instance, from 
the Salk Institute Cell Distribution Center, San Diego, California 
and the American Type Culture Collection, Rockville, Maryland. 
Human myeloma and mouse-human heteromyeloma cell lines also have 
been described for the production of human monoclonal antibodies 
[Kozbor, J. Immunol. , 113:3001 (1984); Brodeur et al., Monoclonal 
Antibody Production Techniques and Applications , Marcel Dekker, 
Inc., New York, (1987) pp. 51-63]. 

The culture medium in which the hybridoma cells are 
cultured can then be assayed for the presence of monoclonal 
antibodies directed against Apo-2. Preferably, the binding 
specificity of monoclonal antibodies produced by the hybridoma 
cells is determined by immunoprecipitation or by an in vitro 
binding assay, such as radioimmunoassay (RIA) or enzyme- linked 
immunoabsorbent assay (EL ISA) . Such techniques and assays are 



known in the art. The binding affinity of the monoclonal antibody 
can, for example, be determined by the Scatchard analysis of Munson 
and Pollard, Anal. Biochem. , 107:220 (1980). 

After the desired hybridoma cells are identified, the 
5 clones may be subcloned by limiting dilution procedures and grown 
by standard methods [Goding, supra ] . Suitable culture media for 
this purpose include, for example, Dulbecco's Modified Eagle's 
Medium and RPMI-1640 medium. Alternatively, the hybridoma cells 
may be grown in vivo as ascites in a mammal. 
10 The monoclonal antibodies secreted by the subclones may 

be isolated or purified from the culture medium or ascites fluid by 
conventional immunoglobulin purification procedures such as, for 
example, protein A-Sepharose, hydroxy 1 apatite chromatography, gel 
electrophoresis, dialysis, or affinity chromatography. 
gjl5 The monoclonal antibodies may also be made by recombinant 

DNA methods, such as those described in U.S. Patent No. 4,816,567. 
2 DNA encoding the monoclonal antibodies of the invention can be 

EP readily isolated and sequenced using conventional procedures (e.g. , 

u by using oligonucleotide probes that are capable of binding 

m20 specifically to genes encoding the heavy and light chains of murine 
!L antibodies) . The hybridoma cells of the invention serve as a 

m preferred source of such DNA. Once isolated, the DNA may be placed 

into expression vectors, which are then transfected into host cells 
7q such as simian COS cells, Chinese hamster ovary (CHO) cells, or 

SI25 myeloma cells that do not otherwise produce immunoglobulin protein, 
to obtain the synthesis of monoclonal antibodies in the recombinant 
host cells. The DNA also may be modified, for example, by 
substituting the coding sequence for human heavy and light chain 
constant domains in place of the homologous murine sequences [U.S. 
30 Patent No. 4,816,567/ Morrison et al., supra] or by covalently 
joining to the immunoglobulin coding sequence all or part of the 
coding sequence for a non- immunoglobulin polypeptide. Such a non- 
immunoglobulin polypeptide can be substituted for the constant 
domains of an antibody of the invention, or can be substituted for 
35 the variable domains of one antigen-combining site of an antibody 
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of the invention to create a chimeric bivalent antibody. 

The antibodies may be monovalent antibodies. Methods for 
preparing monovalent antibodies are well known in the art. For 
example, one method involves recombinant expression of 
5 immunoglobulin light chain and modified heavy chain. The heavy 
chain is truncated generally at any point in the Fc region so as to 
prevent heavy chain crosslinking. Alternatively, the relevant 
cysteine residues are substituted with another amino acid residue 
or are deleted so as to prevent crosslinking. 
10 In vitro methods are also suitable for preparing 

monovalent antibodies. Digestion of antibodies to produce 
fragments thereof, particularly, Fab fragments, can be accomplished 
using routine techniques known in the art. For instance, digestion 
can be performed using papain. Examples of papain digestion are 
Efp.5 described in WO 94/29348 published 12/22/94 and U.S. Patent No. 
□ 4,342,566. Papain digestion of antibodies typically produces two 

^ identical antigen binding fragments, called Fab fragments, each 

EH with a single antigen binding site, and a residual Fc fragment. 

f! Pepsin treatment yields an F(ab') 2 fragment that has two antigen 

y|20 combining sites and is still capable of cross- linking antigen. 
!L The Fab fragments produced in the antibody digestion also 

[f: contain the constant domains of the light chain and the first 

H; constant domain (CHJ of the heavy chain. Fab' fragments differ 

^ from Fab fragments by the addition of a few residues at the carboxy 

SJ25 terminus of the heavy chain CH X domain including one or more 
cysteines from the antibody hinge region. Fab'-SH is the 
designation herein for Fab' in which the cysteine residue (s) of the 
constant domains bear a free thiol group. F{ab') 2 antibody 
fragments originally were produced as pairs of Fab' fragments which 
30 have hinge cysteines between them. Other chemical couplings of 
antibody fragments are also known. 

3 . Humanized Antibodies 

The Apo-2 antibodies of the invention may further 
comprise humanized antibodies or human antibodies. Humanized forms 
35 of non-human (e.g., murine) antibodies are chimeric 
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immunoglobulins, immunoglobulin chains or fragments thereof (such 
as Fv, Fab, Fab', F(ab') 2 or other antigen-binding subsequences of 
antibodies) which contain minimal sequence derived from non-human 
immunoglobulin. Humanized antibodies include human immunoglobulins 
(recipient antibody) in which residues from a complementary 
determining region (CDR) of the recipient are replaced by residues 
from a CDR of a non-human species (donor antibody) such as mouse, 
rat or rabbit having the desired specificity, affinity and 
capacity. In some instances, Fv framework residues of the human 
immunoglobulin are replaced by corresponding non-human residues. 
Humanized antibodies may also comprise residues which are found 
neither in the recipient antibody nor in the imported CDR or 
framework sequences. In general, the humanized antibody will 
comprise substantially all of at least one, and typically two, 
variable domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human immunoglobulin and all 
or substantially all of the FR regions are those of a human 
immunoglobulin consensus sequence. The humanized antibody 
optimally also will comprise at least a portion of an 
immunoglobulin constant region (Fc) , typically that of a human 
immunoglobulin [Jones et al., Nature, 321:522-525 (1986); Reichmann 
et al., Nature, 332:323-329 (1988); and Presta, Curr. Op. Struct. 
Biol. , 2:593-596 (1992)] . 

Methods for humanizing non-human antibodies are well 
known in the art. Generally, a humanized antibody has one or more 
amino acid residues introduced into it from a source which is non- 
human. These non-human amino acid residues are often referred to 
as "import" residues, which are typically taken from an "import" 
variable domain. Humanization can be essentially performed 
following the method of Winter and co-workers [Jones et al., 
Nature , 321:522-525 (1986); Riechmann et al., Nature , 332:323-327 
(1988); Verhoeyen et al., Science , 239:1534-1536 (1988)], by 
substituting rodent CDRs or CDR sequences for the corresponding 
sequences of a human antibody. Accordingly, such "humanized" 
antibodies are chimeric antibodies (U.S. Patent No. 4,816,567), 
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wherein substantially less than an intact human variable domain has 
been substituted by the corresponding sequence from a non-human 
species. In practice, humanized antibodies are typically human 
antibodies in which some CDR residues and possibly some FR residues 
are substituted by residues from analogous sites in rodent 
antibodies . 

The choice of human variable domains, both light and 
heavy, to be used in making the humanized antibodies is very 
important in order to reduce antigenicity. According to the "best- 
fit" method, the sequence of the variable domain of a rodent 
antibody is screened against the entire library of known human 
variable domain sequences. The human sequence which is closest to 
that of the rodent is then accepted as the human framework (FR) for 
the humanized antibody [Sims et al . , J. Immunol . , 151 : 2296 (1993); 
Chothia and Lesk, J. Mol. Biol. , 196:901 (1987)]. Another method 
uses a particular framework derived from the consensus sequence of 
all human antibodies of a particular subgroup of light or heavy 
chains. The same framework may be used for several different 
humanized antibodies [Carter et al., Proc. Natl. Acad. Sci. USA , 
89:4285 (1992); Presta et al., J. Immunol. , 151:2623 (1993)]. 

It is further important that antibodies be humanized with 
retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a process of 
analysis of the parental sequences and various conceptual humanized 
products using three dimensional models of the parental and 
humanized sequences. Three dimensional immunoglobulin models are 
commonly available and are familiar to those skilled in the art. 
Computer programs are available which illustrate and display 
probable three-dimensional conformational structures of selected 
candidate immunoglobulin sequences. Inspection of these displays 
permits analysis of the likely role of the residues in the 
functioning of the candidate immunoglobulin sequence, i.e., the 
analysis of residues that influence the ability of the candidate 
immunoglobulin to bind its antigen. In this way, FR residues can 
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be selected and combined from the consensus and import sequence so 
that the desired antibody characteristic, such as increased 
affinity for the target antigen(s), is achieved. In general, the 
CDR residues are directly and most substantially involved in 
influencing antigen binding [see, WO 94/04679 published 3 March 
1994] . 

Transgenic animals (e.g., mice) that are capable, upon 
immunization, of producing a full repertoire of human antibodies in 
the absence of endogenous immunoglobulin production can be 
employed. For example, it has been described that the homozygous 
deletion of the antibody heavy chain joining region (J H ) gene in 
chimeric and germ-line mutant mice results in complete inhibition 
of endogenous antibody production. Transfer of the human germ- line 
immunoglobulin gene array in such germ-line mutant mice will result 
in the production of human antibodies upon antigen challenge [see, 
e.g., Jakobovits et al., Proc. Natl. Acad. Sci. USA , 90:2551-255 
(1993); Jakobovits et al . , Nature, 361:255-258 (1993); Bruggermann 
et al., Year in Immuno . , 7:33 (1993)]. Human antibodies can also 
be produced in phage display libraries [Hoogenboom and Winter, J. 
Mol. Biol. , 227:381 (1991); Marks et al., J. Mol. Biol. , 222:581 
(1991)] . The techniques of Cote et al. and Boerner et al. are also 
available for the preparation of human monoclonal antibodies (Cote 
et al., Monoclonal Antibodies and Cancer Therapy , Alan R. Liss, p. 
77 (1985) and Boerner et al., J. Immunol. , 147(1) :86-95 (1991)]. 

4 . Bispecific Antibodies 

Bispecif ic antibodies are monoclonal, preferably human or 
humanized, antibodies that have binding specificities for at least 
two different antigens. In the present case, one of the binding 
specificities is for the Apo-2, the other one is for any other 
antigen, and preferably for a cell-surface protein or receptor or 
receptor subunit. 

Methods for making bispecific antibodies are known in the 
art. Traditionally, the recombinant production of bispecific 
antibodies is based on the co-expression of two immunoglobulin 
heavy-chain/light-chain pairs, where the two heavy chains have 
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different specificities [Millstein and Cuello, Nature , 305:537-539 
(1983)] . Because of the random assortment of immunoglobulin heavy 
and light chains, these hybridomas (quadromas) produce a potential 
mixture of ten different antibody molecules, of which only one has 
the correct bispecific structure. The purification of the correct 
molecule is usually accomplished by affinity chromatography steps. 
Similar procedures are disclosed in WO 93/08829, published 13 May 
1993, and in Traunecker et al., EMBQ J . , 10:3655-3659 (1991). 

According to a different and more preferred approach, 
antibody variable domains with the desired binding specificities 
(antibody-antigen combining sites) are fused to immunoglobulin 
constant domain sequences. The fusion preferably is with an 
immunoglobulin heavy-chain constant domain, comprising at least 
part of the hinge, CH2, and CH3 regions. It is preferred to have 
the first heavy- chain constant region (CHI) containing the site 
necessary for light-chain binding present in at least one of the 
fusions. DNAs encoding the immunoglobulin heavy-chain fusions and, 
if desired, the immunoglobulin light chain, are inserted into 
separate expression vectors, and are co-transfected into a suitable 
host organism. This provides for great flexibility in adjusting 
the mutual proportions of the three polypeptide fragments in 
embodiments when unequal ratios of the three polypeptide chains 
used in the construction provide the optimum yields. It is, 
however, possible to insert the coding sequences for two or all 
three polypeptide chains in one expression vector when the 
expression of at least two polypeptide chains in equal ratios 
results in high yields or when the ratios are of no particular 
significance. In a preferred embodiment of this approach, the 
bispecific antibodies are composed of a hybrid immunoglobulin heavy 
chain with a first binding specificity in one arm, and a hybrid 
immunoglobulin heavy-chain/light-chain pair (providing a second 
binding specificity) in the other arm. It was found that this 
asymmetric structure facilitates the separation of the desired 
bispecific compound from unwanted immunoglobulin chain 
combinations, as the presence of an immunoglobulin light chain in 
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only one half of the bispecif ic molecule provides for a facile way 
of separation. This approach is disclosed in WO 94/04690 published 
3 March 1994. For further details of generating bispecif ic 
antibodies see, for example, Suresh et al., Methods in Enzvmolocry . 
5 121:210 (1986) . 

5 . Heteroconiuqate Antibodies 

He terocon jugate antibodies are also within the scope of 
the present invention. Heterocon jugate antibodies are composed of 
two covalently joined antibodies. Such antibodies have, for 
10 example, been proposed to target immune system cells to unwanted 
cells [US Patent No. 4,676,980] , and for treatment of HIV infection 
[WO 91/00360; WO 92/200373; EP 03089] . It is contemplated that the 
antibodies may be prepared in vitro using known methods in 
synthetic protein chemistry, including those involving crosslinking 
0=1 15 agents. For example, immunotoxins may be constructed using a 
D disulfide exchange reaction or by forming a thioether bond. 

"J Examples of suitable reagents for this purpose include 

gl iminothiolate and methyl-4-mercaptobutyrimidate and those 

!\ disclosed, for example, in U.S. Pat. No. 4,676,980. 

Ln^O D. Therapeutic and Non-therapeutic Uses for Apo-2 Antibodies 

The Apo-2 antibodies of the invention have therapeutic 
in utility. Agonistic Apo-2 antibodies, for instance, may be employed 

H to activate or stimulate apoptosis in cancer cells. Alternatively, 

antagonistic antibodies may be used to block excessive apoptosis 
\|25 (for instance in neurodegenerative disease) or to block potential 
autoimmune/inflammatory effects of Apo-2 resulting from NF-kB 
activation. 

Apo-2 antibodies may further be used in diagnostic assays 
for Apo-2, e.g., detecting its expression in specific cells, 

30 tissues, or serum. Various diagnostic assay techniques known in 
the art may be used, such as competitive binding assays, direct or 
indirect sandwich assays and immunoprecipitation assays conducted 
in either heterogeneous or homogeneous phases [Zola, Monoclonal 
Antibodies: A Manual of Techniques , CRC Press, Inc. (1987) pp. 147- 

35 158] . The antibodies used in the diagnostic assays can be labeled 
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with a detectable moiety. The detectable moiety should be capable 
of producing, either directly or indirectly, a detectable signal. 
For example, the detectable moiety may be a radioisotope, such as 
3 H, 14 C, 32 P, 35 S, or 125 I, a fluorescent or chemiluminescent compound, 
5 such as fluorescein isothiocyanate, rhodamine, or luciferin, or an 
enzyme, such as alkaline phosphatase, beta-galactosidase or 
horseradish peroxidase. Any method known in the art for 
conjugating the antibody to the detectable moiety may be employed, 
including those methods described by Hunter et al., Nature, 144:945 
10 (1962); David et al . , Biochemistry , 13:1014 (1974); Pain et al., 
J. Immuno l. Meth. , 40:219 (1981); and Nygren, J. Histochem. and 
Cvtochem . , 30:407 (1982) . 

Apo-2 antibodies also are useful for the affinity 
purification of Apo-2 from recombinant cell culture or natural 
^15 sources. In this process, the antibodies against Apo-2 are 
D immobilized on a suitable support, such a Sephadex resin or filter 

J paper, using methods well known in the art. The immobilized 

yn antibody then is contacted with a sample containing the Apo-2 to be 

r; purified, and thereafter the support is washed with a suitable 

ij|20 solvent that will remove substantially all the material in the 
L sample except the Apo-2, which is bound to the immobilized 

antibody. Finally, the support is washed with another suitable 
M- solvent that will release the Apo-2 from the antibody. 

^ E . Kits Containing Apo-2 or Apo-2 Antibodies 

SI 25 In a further embodiment of the invention, there are 

provided articles of manufacture and kits containing Apo-2 or Apo-2 
antibodies which can be used, for instance, for the therapeutic or 
non- therapeutic applications described above. The article of 
manufacture comprises a container with a label. Suitable 
30 containers include, for example, bottles, vials, and test tubes. 
The containers may be formed from a variety of materials such as 
glass or plastic. The container holds a composition which includes 
an active agent that is effective for therapeutic or non- 
therapeutic applications, such as described above. The active 
35 agent in the composition is Apo-2 or an Apo-2 antibody. The label 
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on the container indicates that the composition is used for a 
specific therapy or non-therapeutic application, and may also 
indicate directions for either in vivo or in vitro use, such as 
those described above. 
5 The kit of the invention will typically comprise the 

container described above and one or more other containers 
comprising materials desirable from a commercial and user 
standpoint, including buffers, diluents, filters, needles, 
syringes, and package inserts with instructions for use. 

]_g ***************************** 

The following examples are offered for illustrative 
purposes only, and are not intended to limit the scope of the 
present invention in any way. 

All patent and literature references cited in the present 
rjfl.5 specification are hereby incorporated by reference in their 
y entirety. 

ffl EXAMPLES 

f! All restriction enzymes referred to in the examples were 

|rpO purchased from New England Biolabs and used according to 
;L manufacturer's instructions. All other commercially available 

[ft reagents referred to in the examples were used according to 

H manufacturer's instructions unless otherwise indicated. The source 

% of those cells identified in the following examples, and throughout 

M25 the specification, by ATCC accession numbers is the American Type 
Culture Collection, Rockville, Maryland. 

EXAMPLE 1 

Isolation of cDNA clones Encoding Human Apo-2 
. 30 Expressed sequence tag (EST) DNA databases (LIFESEQ™, 

Incyte Pharmaceuticals, Palo Alto, CA) were searched and an EST was 
identified which showed homology to the death domain of the Apo-3 
receptor [Marsters et al., Curr. Biol. , .6: 750 (1996)]. Human 
pancreas and kidney lgtlO bacteriophage cDNA libraries (both 
35 purchased from Clontech) were ligated into pRK5 vectors as follows. 
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Reagents were added together and incubated at 16°C for 16 hours: 5X 
T4 ligase buffer (3 ml); pRK5, Xhol, Notl digested vector, 0.5 mg, 
1 ml) ; cDNA {5 ml) and distilled water (6 ml) . Subsequently, 
additional distilled water (70 ml) and 10 mg/ml tRNA (0.1 ml) were 
added and the entire reaction was extracted through 
phenol : chloroform :isoamyl alcohol (25:24:1) . The aqueous phase was 
removed, collected and diluted into 5M NaCl (10 ml) and absolute 
ethanol (-20°C, 250 ml) . This was then centrifuged for 20 minutes 
at 14,000 x g, decanted, and the pellet resuspended into 70% 
ethanol (0.5 ml) and centrifuged again for 2 minutes at 14,000 x g. 
The DNA pellet was then dried in a speedvac and eluted into 
distilled water (3 ml) for use in the subsequent procedure. 

The ligated cDNA/pRK5 vector DNA prepared previously was 
chilled on ice to which was added electrocompetent DH10B bacteria 
(Life Tech., 20 ml). The bacteria vector mixture was then 
electroporated as per the manufacturers recommendation. 
Subsequently SOC media (1 ml) was added and the mixture was 
incubated at 37°C for 30 minutes. The transf ormants were then 
plated onto 20 standard 150 mm LB plates containing ampicillin and 
incubated for 16 hours (37°C) to allow the colonies to grow. 
Positive colonies were then scraped off and the DNA isolated from 
the bacterial pellet using standard CsCl-gradient protocols. 

An enriched 5'-cDNA library was then constructed to 
obtain a bias of cDNA fragments which preferentially represents the 
5' ends of cDNA's contained within the library. 10 mg of the 
pooled isolated full-length library plasmid DNA (41 ml) was 
combined with Not 1 restriction buffer (New England Biolabs, 5 ml) 
and Not 1 (New England Biolabs, 4 ml) and incubated at 37 °C for one 
hour. The reaction was extracted through phenol: chloroform risoamyl 
alcohol (25:24:1, 50 ml), the aqueous phase removed, collected and 
resuspended into 5M NaCl (5 ml) and absolute ethanol (-20°C, 150 
ml). This was then centrifuged for 20 minutes at 14,000 x g, 
decanted, resuspended into 70% ethanol (0.5 ml) and centrifuged 
again for 2 minutes at 14,000 x g. The supernatant was then 
removed, the pellet dried in a speedvac and resuspended in 



distilled water (10 ml) . 

The following reagents were brought together and 
incubated at 37°C for 2 hours: distilled water (3 ml); linearized 
DNA library (1 mg, 1 ml); Ribonucleotide mix (Invitrogen, 10 ml); 
5 transcription buffer (Invitrogen, 2 ml) and Sp6 enzyme mix. The 
reaction was then extracted through phenol : chloroform : isoamyl 
alcohol (25:24:1, 50 ml) and the aqueous phase was removed, 
collected and resuspended into 5M NaCl (5 ml) and absolute ethanol 
(-20°C, 150 ml) and centrifuged for 20 minutes at 14,000 x g. The 
10 pellet was then decanted and resuspended in 70% ethanol (0.5 ml), 
centrifuged again for 2 minutes at 14,000 x g, decanted, dried in 
a speedvac and resuspended into distilled water (10 ml) . 

The following reagents were added together and incubated 
at 16°C for 16 hours: 5X T4 ligase buffer (Life Tech., 3 ml); pRK5 
mL5 Cla-Sal digested vector, 0.5 mg, 1 ml); cDNA (5 ml); distilled 
O water (6 ml) . Subsequently, additional distilled water (70 ml) and 

2= 10 mg/ml tRNA (0.1 ml) was added and the entire reaction was 

CP extracted through phenol : chloroform: isoamyl alcohol (25:24:1, 100 

m 

[V ml) . The aqueous phase was removed, collected and diluted by 5M 

mo NaCl (10 ml) and absolute ethanol (-20°C, 250 ml) and centrifuged 
L for 20 minutes at 14, 000 x g. The DNA pellet was decanted, 

m resuspended into 70% ethanol (0.5 ml) and centrifuged again for 2 

^ minutes at 14,000 x g. The supernatant was removed and the residue 

% pellet was dried in a speedvac and resuspended in distilled water 

S&25 (3ml) . The ligated cDNA/pSST-amy . 1 vector DNA was chilled on ice 
to which was added electrocompetent DH10B bacteria (Life Tech., 20 
ml) . The bacteria vector mixture was then elect roporated as 
recommended by the manufacturer. Subsequently, SOC media (Life 
Tech., 1 ml) was added and the mixture was incubated at 37°C for 30 
30 minutes. The transformants were then plated onto 20 standard 150 
mm LB plates containing ampicillin and incubated for 16 hours 
(37°C) . Positive colonies were scraped off the plates and the DNA 
was isolated from the bacterial pellet using standard protocols, 
e.g. CsCl-gradient . 
35 The cDNA libraries were screened by hybridization with a 
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synthetic oligonucleotide probe: 

GGGAGCCGCTCATGAGGAAGTTGGGCCTCATGGACAATGAGATAMGGTGGCTAAAGCTGAGGCA 

GCGGG (SEQ ID NO: 3) based on the EST. 

Three cDNA clones were sequenced in entirety. The 
overlapping coding regions of the cDNAs were identical except for 
codon 410 (using the numbering system for Fig. 1); this position 
encoded a leucine residue (TTG) in both pancreatic cDNAs, and a 
methionine residue (ATG) in the kidney cDNA, possibly due to 
polymorphism. 

The entire nucleotide sequence of Apo-2 is shown in 
Figure 1 (SEQ ID NO: 2) . Clone 27868 (also referred to as pRK5-Apo- 

2 deposited as ATCC , as indicated below) contains a single 

open reading frame with an apparent translational initiation site 
at nucleotide positions 140-142 [Kozak et al., supra ] and ending at 
the stop codon found at nucleotide positions 1373-1375 (Fig. 1; SEQ 
ID NO: 2) . The predicted polypeptide precursor is 411 amino acids 
long, a type I transmembrane protein, and has a calculated 
molecular weight of approximately 45 kDa. Hydropathy analysis (not 
shown) suggested the presence of a signal sequence (residues 1-53) , 
followed by an extracellular domain (residues 54-182), a 
transmembrane domain (residues 183-208), and an intracellular 
domain (residues 209-411) (Fig. 2A; SEQ ID N0:1) . N-terminal amino 
acid sequence analysis of Apo-2-IgG expressed in 293 cells showed 
that the mature polypeptide starts at amino acid residue 54, 
indicating that the actual signal sequence comprises residues 1-53. 

TNF receptor family proteins are typically characterized 
by the presence of multiple (usually four) cysteine-rich domains in 
their extracellular regions -- each cysteine-rich domain being 
approximately 45 amino acids long and containing approximately 6, 
regularly spaced, cysteine residues. Based on the crystal 
structure of the type 1 TNF receptor, the cysteines in each domain 
typically form three disulfide bonds in which usually cysteines 1 
and 2, 3 and 5, and 4 and 6 are paired together. Like DR4, Apo-2 
contains two extracellular cysteine-rich pseudorepeats (Fig. 2A) , 
whereas other identified mammalian TNFR family members contain 
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three or more such domains [Smith et al., Cell , 76:959 (1994)]. 

The cytoplasmic region of Apo-2 contains a death domain 
(amino acid residues 324-391 shown in Fig. 1; see also Fig. 2A) 
which shows significantly more amino acid sequence identity to the 
death domain of DR4 (64%) than to the death domain of TNFR1 (30%) ; 
CD95 (19%); or Apo-3/DR3 (29%) (Fig. 2B) . Four out of six death 
domain amino acids that are required for signaling by TNFR1 
[Tartaglia et al., supra ] are conserved in Apo-2 while the other 
two residues are semi -conserved (see Fig. 2B) . 

Based on an alignment analysis (using the ALIGN™ computer 
program) of the full-length sequence, Apo-2 shows more sequence 
identity to DR4 (55%) than to other apoptosis-linked receptors, 
such as TNFR1 (19%) ; CD95 (17%) ; or Apo-3 (also referred to as DR3, 
WSL-1 or TRAMP) (29%) . 

EXAMPLE 2 

A. Expression of Apo-2 ECD 

A soluble extracellular domain (ECD) fusion construct was 
prepared. An Apo-2 ECD (amino acid residues 1-184 shown in Figure 
1) was obtained by PCR and fused to a C-terminal Flag epitope tag 
(Sigma) . (The Apo-2 ECD construct included residues 183 and 184 
shown in Figure 1 to provide flexibility at the junction, even 
though residues 183 and 184 are predicted to be in the 
transmembrane region) . The Flag epitope-tagged molecule was then 
inserted into pRK5, and expressed by transient transfection into 
human 293 cells (ATCC CRL 1573). 

After a 48 hour incubation, the cell supernatants were 
collected and either used directly for co-precipitation studies 
(see Example 3) or subjected to purification of the Apo-2 ECD-Flag 
by affinity chromatography on anti-Flag agarose beads, according to 
manufacturer's instructions (Sigma). 

B. Expression of Apo-2 ECD as an Immunoadhesin 

A soluble Apo-2 ECD immunoadhesin construct was prepared. 
The Apo-2 ECD (amino acids 1-184 shown in Fig. 1) was fused to the 
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hinge and Fc region of human immunoglobulin G 1 heavy chain in pRK5 
as described previously [Ashkenazi et al., Proc. Natl, Acad. Sci. , 
88:10535-10539 (1991)]. The immunoadhesin was expressed by 
transient transfection into human 293 cells and purified from cell 
5 supernatants by protein A affinity chromatography, as described by 
Ashkenazi et al., supra . 

EXAMPLE 3 

Immunoprecipitation Assay Showing Binding Interaction 
10 Between Apo-2 and Avo-2 Ligand 

To determine whether Apo-2 and Apo-2L interact or 
associate with each other, supernatants from mock-transf ected 293 
cells or from 293 cells transfected with Apo-2 ECD-Flag (described 
in Example 2 above) (5 ml) were incubated with 5 ^g poly-histidine- 
J.5 tagged soluble Apo-2L [Pitti et al . , supra ] for 30 minutes at room 
□ temperature and then analyzed for complex formation by a co- 

B precipitation assay. 

The samples were subjected to immunoprecipitation using 
m 25 ixl anti-Flag conjugated agarose beads (Sigma) or Nickel- 

So conjugated agarose beads (Qiagen) . After a 1.5 hour incubation at 
I 4° C, the beads were spun down and washed four times in phosphate 

buffered saline (PBS) . By using anti-Flag agarose, the Apo-2L was 
ZL precipitated through the Flag-tagged Apo-2 ECD; by using Nickel- 

Ill agarose, the Apo-2 ECD was precipitated through the His -tagged Apo- 

rj25 2L. The precipitated proteins were released by boiling the beads 
for 5 minutes in SDS-PAGE buffer, resolved by electrophoresis on 
12% polyacrylamide gels, and then detected by immunoblot with anti- 
Apo-2L or anti-Flag antibody (2 /xg/ml) as described in Marsters et 
al., J. Biol. Chem. , (1997). 
30 The results, shown in Figure 3, indicate that the Apo-2 

ECD and Apo-2L can associate with each other. 

The binding interaction was further analyzed by purifying 
Apo-2 ECD from the transfected 293 cell supernatants with anti-Flag 
beads (see Example 2) and then analyzing the samples on a BIACORE™ 
35 instrument. The BIACORE™ analysis indicated a dissociation 
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constant (K*) of about 1 nM. BIACORE™ analysis also showed that 
the Apo-2 ECD is not capable of binding other apoptosis-inducing 
TNF family members, namely, TNF-alpha (Genentech, Inc., Pennica et 
al., Nature , 312:712 (1984), lymphotoxin-alpha (Genentech, Inc.), 
or Fas/Apo-1 ligand (Alexis Biochemicals) . The data thus shows 
that Apo-2 is a specific receptor for Apo-2L. 

EXAMPLE 4 
Induction of Apoptosis by Apo-2 

Because death domains can function as oligomerization 
interfaces, over-expression of receptors that contain death domains 
may lead to activation of signaling in the absence of ligand 
[Frazer et al., supra , Nagata et al., supra ] . To determine whether 
Apo-2 was capable of inducing cell death, human 293 cells or HeLa 
cells (ATCC CCL 2.2) were transiently transfected by calcium 
phosphate precipitation (293 cells) or electroporation (HeLa cells) 
with a pRK5 vector or pRK5 -based plasmids encoding Apo-2 and/or 
CrmA. When applicable, the total amount of plasmid DNA was 
adjusted by adding vector DNA. Apoptosis was assessed 24 hours 
after transfection by morphology (Fig. 4A) ; DNA fragmentation (Fig. 
4B) ; or by FACS analysis of phosphatydilserine exposure (Fig. 4C) 
as described in Marsters et al., Curr. Biol. , 6:1669 (1996). As 
shown in Figs. 4A and 4B, the Apo-2 transfected 2 93 cells underwent 
marked apoptosis. 

For samples assayed by FACS, the HeLa cells were co- 
transfected with pRK5-CD4 as a marker for transfection and 
apoptosis was determined in CD4 -expressing cells; FADD was co- 
transfected with the Apo-2 plasmid; the data are means + SEM of at 
least three experiments, as described in Marsters et al., Curr. 
Biol. , 6:1669 (1996). The caspase inhibitors, DEVD-fmk (Enzyme 
Systems) or z-VAD-fmk (Research Biochemicals Intl.) were added at 
200 /xM at the time of transfection. As shown in Fig. 4C, the 
caspase inhibitors CrmA, DEVD-fmk, and z-VAD-fmk blocked apoptosis 
induction by Apo-2, indicating the involvement of Ced-3-like 
proteases in this response. 
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FADD is an adaptor protein that mediates apoptosis 
activation by CD95, TNFR1, and Apo-3/DR3 [Nagata et al., supra] , 
but does not appear necessary for apoptosis induction by Apo-2L 
[Marsters et al., supra ] or by DR4 [Pan et al., supra] . A 
dominant-negative mutant form of FADD, which blocks apoptosis 
induction by CD95, TNFR1, or Apo-3/DR3 [Frazer et al . , supra; 
Nagata et al., supra ; Chinnayian et al., supra ] did not inhibit 
apoptosis induction by Apo-2 when co-transfected into HeLa cells 
with Apo-2 (Fig. 4C) . These results suggest that Apo-2 signals 
apoptosis independently of FADD. Consistent with this conclusion, 
a glutathione-S- transferase fusion protein containing the Apo-2 
cytoplasmic region did not bind to in vitro transcribed and 
translated FADD (data not shown) . 

EXAMPLE 5 

Inhibition of Apo-2L Activity by Soluble Apo-2 ECD 
Soluble Apo-2L (0.5 jig /ml, prepared as described in Pitti 
et al., supra ) was pre-incubated for 1 hour at room temperature 
with PBS buffer or affinity-purified Apo-2 ECD (5 fig/ml) together 
with anti-Flag antibody (Sigma) (1 /ig/ml) and added to HeLa cells. 
After a 5 hour incubation, the cells were analyzed for apoptosis by 
FACS (as above) (Fig. 4D) . 

Apo-2L induced marked apoptosis in HeLa cells, and the 
soluble Apo-2 ECD was capable of blocking Apo-2L action (Fig. 4D) , 
confirming a specific interaction between Apo-2L and Apo-2. 
Similar results were obtained with the Apo-2 ECD immunoadhesin 
(Fig. 4D) . Dose-response analysis showed half-maximal inhibition 
at approximately 0.3 nM Apo-2 immunoadhesin (Fig. 4E) . 

EXAMPLE 6 
Activation of NF-kB by Apo-2 
An assay was conducted to determine whether Apo-2 
activates NF-kB. 

HeLa cells were transf ected with pRK5 expression plasmids 
encoding full-length native sequence Apo-2, DR4 or Apo-3 and 
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harvested 24 hours after transf ection. Nuclear extracts were 
prepared and 1 fig of nuclear protein was reacted with a 32 P-labelled 
NF-KB-specif ic synthetic oligonucleotide probe 

ATCAGGGACTTTCCGCTGGGGACTTTCCG (SEQ ID NO: 4) [see, also, MacKay et 
5 al., J. Immunol. , 153:5274-5284 (1994)], alone or together with a 
50-fold excess of unlabelled probe, or with an irrelevant 32 P- 
labelled synthetic oligonucleotide 

AGGATGGGAAGTGTGTGATATATCCTTGAT (SEQ ID NO: 5). In some samples, 
antibody to p65/RelA subunits of NF-kB (1 /xg/ml; Santa Cruz 
10 Biotechnology) was added. DNA binding was analyzed by an 
electrophoretic mobility shift assay as described by Hsu et al., 
supra ; Marsters et al . , supra , and MacKay et al., supra . 

The results are shown in Fig. 5. As shown in Fig. 5A, 
upon transfection into HeLa cells, both Apo-2 and DR4 induced 
g|15 significant NF-kB activation as measured by the electrophoretic 
0 mobility shift assay; the level of activation was comparable to 

activation observed for Apo-3/DR3. Antibody to the p65/RelA 
m subunit of NF-kB inhibited the mobility of the NF-kB probe, 

j\ implicating p65- in the response to all 3 receptors. 

\j\20 An assay was also conducted to determine if Apo-2L itself 

L can regulate NF-kB activity. HeLa cells or MCF7 cells (human 

\fl breast adenocarcinoma cell line, ATCC HTB 22) were treated with PBS 

M; buffer, soluble Apo-2L (Pitti et al., supra ) or TNF-alpha 

Jj (Genentech, Inc., see Pennica et al., Nature, 312:721 (1984)) (1 

NJ25 fig/ml) and assayed for NF-kB activity as above. The results are 
shown in Fig. 5B. The Apo-2L induced a significant NF-kB 
activation in the treated HeLa cells but not in the treated MCF7 
cells; the TNF-alpha induced a more pronounced activation in both 
cell lines. Several studies have disclosed that NF-/cB activation 
30 by TNF can protect cells against TNF- induced apoptosis [Nagata, 
supra ] . 

The effects of a NF-kB inhibitor, ALLN (N-acetyl-Leu-Leu- 
norleucinal) and a transcription inhibitor, cyclohexamide, were 
also tested. The HeLa cells (plated in 6-well dishes) were 
35 preincubated with PBS buffer, ALLN (Calbiochem) (40 fxg/ml) or 
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cyclohexamide (Sigma) (50 /xg/ml) for 1 hour before addition of Apo- 
2L (1 /xg/ml) . After a 5 hour incubation, apoptosis was analyzed by 
FACS (see Fig. 5C) . 

The results are shown in Fig. 5C. Both ALLN and 
cyclohexamide increased the level of Apo-2L- induced apoptosis in 
the HeLa cells. The data indicates that Apo-2L can induce 
protective NF-kB- dependent genes. The data also indicates that 
Apo-2L is capable of activating NF-kB in certain cell lines and 
that both Apo-2 and DR4 may mediate that function. 

EXAMPLE 7 
Northern Blot Analysis 

Expression of Apo-2 mRNA in human tissues was examined by 
Northern blot analysis. Human RNA blots were hybridized to a 4.6 
kilobase 32 P-labelled DNA probe based on the full length Apo-2 cDNA; 
the probe was generated by digesting the pRK5-Apo-2 plasmid with 
EcoRI. Human fetal RNA blot MTN (Clontech) and human adult RNA 
blot MTN- I I (Clontech) were incubated with the DNA probes. Blots 
were incubated with the probes in hybridization buffer (5X SSPE; 2X 
Denhardt's solution; 100 mg/mL denatured sheared salmon sperm DNA; 
50% formamide; 2% SDS) for 60 hours at 42°C. The blots were washed 
several times in 2X SSC; 0.05% SDS for 1 hour at room temperature, 
followed by a 30 minute wash in 0.1X SSC; 0.1% SDS at 50°C. The 
blots were developed after overnight exposure. 

As shown in Fig . 6 , a predominant mRNA transcript of 
approximately 4.6kb was detected in multiple tissues. Expression 
was relatively high in fetal and adult liver and lung, and in adult 
ovary and peripheral blood leukocytes (PBL) , while no mRNA 
expression was detected in fetal and adult brain. Intermediate 
levels of expression were seen in adult colon, small intestine, 
testis, prostate, thymus, pancreas, lidney, skeletal muscle, 
placenta, and heart. Several adult tissues that express Apo-2, 
e.g., PBL, ovary, and spleen, have been shown previously to express 
DR4 [Pan et al., supra ] , however, the relative levels of expression 
of each receptor mRNA appear to be different. 
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EXAMPLE 8 

Chromosomal Localization of the Apo-2 gene 
Chromosomal localization of the human Apo-2 gene was 
examined by radiation hybrid (RH) panel analysis. RH mapping was 
performed by PCR using a human-mouse cell radiation hybrid panel 
(Research Genetics) and primers based on the coding region of the 
Apo-2 cDNA [Gelb et al., Hum. Genet. . 98:141 (1996)] . Analysis of 
the PCR data using the Stanford Human Genome Center Database 
indicates that Apo-2 is linked to the marker D8S481, with an LOD of 
11.05; D8S481 is linked in turn to D8S2055, which maps to human 
chromosome 8p21. A similar analysis of DR4 showed that DR4 is 
linked to the marker D8S2127 (with an LOD of 13.00), which maps 
also to human chromosome 8p21. 

To Applicants' present knowledge, to date, no other 
member of the TNFR gene family has been located to chromosome 8. 



-68- 



***** 

Deposit of Material 

The following materials have been deposited with the 
American Type Culture Collection, 12301 Parklawn Drive, Rockville, 
5 MD, USA (ATCC) : 

Material ATCC Dep. No. Deposit Date 
pRK5 - Apo - 2 

10 

This deposit was made under the provisions of the 
Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purpose of Patent Procedure and the 
Regulations thereunder (Budapest Treaty) . This assures maintenance 
15 of a viable culture of the deposit for 30 years from the date of 
deposit. The deposit will be made available by ATCC under the 
% terms of the Budapest Treaty, and subject to an agreement between 

□ Genentech, Inc. and ATCC, which assures permanent and unrestricted 

% availability of the progeny of the culture of the deposit to the 

m2Q public upon issuance of the pertinent U.S. patent or upon laying 
ft open to the public of any U.S. or foreign patent application, 

J" whichever comes first, and assures availability of the progeny to 

0 one determined by the U.S. Commissioner of Patents and Trademarks 

jV to be entitled thereto according to 35 USC §122 and the 

U1 25 Commissioner's rules pursuant thereto (including 37 CFR §1.14 with 
fi particular reference to 886 OG 638) . 

The assignee of the present application has agreed that 
if a culture of the materials on deposit should die or be lost or 
destroyed when cultivated under suitable conditions, the materials 
30 will be promptly replaced on notification with another of the same. 
Availability of the deposited material is not to be construed as a 
license to practice the invention in contravention of the rights 
granted under the authority of any government in accordance with 
its patent laws. 

35 The foregoing written specification is considered to be 

sufficient to enable one skilled in the art to practice the 
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invention. The present invention is not to be limited in scope by 
the construct deposited, since the deposited embodiment is intended 
as a single illustration of certain aspects of the invention and 
any constructs that are functionally equivalent are within the 
scope of this invention. The deposit of material herein does not 
constitute an admission that the written description herein 
contained is inadequate to enable the practice of any aspect of the 
invention, including the best mode thereof, nor is it to be 
construed as limiting the scope of the claims to the specific 
illustrations that it represents. Indeed, various modifications of 
the invention in addition to those shown and described herein will 
become apparent to those skilled in the art from the foregoing 
description and fall within the scope of the appended claims. 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

(i) APPLICANT: Ashkenazi, Avi J. 
(ii) TITLE OF INVENTION: Apo-2 RECEPTOR 
(iii) NUMBER OF SEQUENCES : 5 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Genentech, Inc. 

(B) STREET: 460 Point San Bruno Blvd 

(C) CITY: South San Francisco 

(D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94080 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: WinPatin (Genentech) 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 15-May-1997 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Marschang, Diane L. 

(B) REGISTRATION NUMBER: 35,600 

(C) REFERENCE/DOCKET NUMBER: P1101 

(ix) TELECOMMUNICATION INFORMATION: 
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(A) TELEPHONE: 415/225-5416 

(B) TELEFAX : 415/952-9881 

(C) TELEX: 910/371-7168 



5 (2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 411 amino acids 

(B) TYPE: Amino Acid 
10 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Met Glu Gin Arg Gly Gin Asn Ala Pro Ala Ala Ser Gly Ala Arg 
mlS 15 10 15 

B 

" Lys Arg His Gly Pro Gly Pro Arg Glu Ala Arg Gly Ala Arg Pro 

Si 20 25 30 

Ul20 Gly Leu Arg Val Pro Lys Thr Leu Val Leu Val Val Ala Ala Val 

* 35 40 45 

□ 

i if? 

H 1 Leu Leu Leu Val Ser Ala Glu Ser Ala Leu He Thr Gin Gin Asp 

!i| 50 55 60 

SI25 

Leu Ala Pro Gin. Gin Arg Ala Ala Pro Gin Gin Lys Arg Ser Ser 
65 70 75 

Pro Ser Glu Gly Leu Cys Pro Pro Gly His His He Ser Glu Asp 
30 80 85 90 

Gly Arg Asp Cys He Ser Cys Lys Tyr Gly Gin Asp Tyr Ser Thr 
95 100 105 

35 His Trp Asn Asp Leu Leu Phe Cys Leu Arg Cys Thr Arg Cys Asp 
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110 



115 



120 



Ser Gly Glu Val Glu Leu Ser Pro Cys Thr Thr Thr Arg Asn Thr 
125 130 135 

Val Cys Gin Cys Glu Glu Gly Thr Phe Arg Glu Glu Asp Ser Pro 
140 145 150 

Glu Met Cys Arg Lys Cys Arg Thr Gly Cys Pro Arg Gly Met Val 
155 160 165 

Lys Val Gly Asp Cys Thr Pro Trp Ser Asp He Glu Cys Val His 
170 175 180 

Lys Glu Ser Gly He He He Gly Val Thr Val Ala Ala Val Val 
185 190 195 

Leu He Val Ala Val Phe Val Cys Lys Ser Leu Leu Trp Lys Lys 
200 205 210 

Val Leu Pro Tyr Leu Lys Gly He Cys Ser Gly Gly Gly Gly Asp 
215 220 225 

Pro Glu Arg Val Asp Arg Ser Ser Gin Arg Pro Gly Ala Glu Asp 
230 235 240 

Asn Val Leu Asn Glu He Val Ser He Leu Gin Pro Thr Gin Val 
245 250 255 

Pro Glu Gin Glu Met Glu Val Gin Glu Pro Ala Glu Pro Thr Gly 
260 265 270 



Val Asn Met Leu Ser Pro Gly Glu Ser Glu His Leu Leu Glu Pro 
275 280 285 
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Ala Glu Ala Glu Arg Ser Gin Arg Arg Arg Leu Leu Val Pro Ala 
290 295 300 



Asn Glu Gly Asp Pro Thr Glu Thr Leu Arg Gin Cys Phe Asp Asp 
5 305 310 315 

Phe Ala Asp Leu Val Pro Phe Asp Ser Trp Glu Pro Leu Met Arg 
320 325 330 

10 Lys Leu Gly Leu Met Asp Asn Glu lie Lys Val Ala Lys Ala Glu 

335 340 345 

Ala Ala Gly His Arg Asp Thr Leu Tyr Thr Met Leu He Lys Trp 
350 355 360 

ml5 

0 Val Asn Lys Thr Gly Arg Asp Ala Ser Val His Thr Leu Leu Asp 

J 365 370 375 

Ul Ala Leu Glu Thr Leu Gly Glu Arg Leu Ala Lys Gin Lys He Glu 

jj]20 380 385 390 

S 

j?l Asp His Leu Leu Ser Ser Gly Lys Phe Met Tyr Leu Glu Gly Asn 

M 395 400 405 

m 

Si 25 Ala Asp Ser Ala Xaa Ser 

410 411 

(2) INFORMATION FOR SEQ ID NO: 2: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1799 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

35 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 



CCCACGCGTC CGCATAAATC AGCACGCGGC CGGAGAACCC CGCAATCTCT 50 

5 

GCGCCCACAA AATACACCGA CGATGCCCGA TCTACTTTAA GGGCTGAAAC 100 

CCACGGGCCT GAGAGACTAT AAGAGCGTTC CCTACCGCC ATG GAA 145 

Met Glu 

10 1 

CAA CGG GGA CAG AAC GCC CCG GCC GCT TCG GGG GCC CGG 184 
Gin Arg Gly Gin Asn Ala Pro Ala Ala Ser Gly Ala Arg 
5 10 15 

J|15 

O AAA AGG CAC GGC CCA GGA CCC AGG GAG GCG CGG GGA GCC 223 

o 

j~ Lys Arg His Gly Pro Gly Pro Arg Glu Ala Arg Gly Ala 

fft 20 25 

y]20 AGG CCT GGG CTC CGG GTC CCC AAG ACC CTT GTG CTC GTT 262 

!L Arg Pro Gly Leu Arg Val Pro Lys Thr Leu Val Leu Val 

m 30 35 40 

m 

fa GTC GCC GCG GTC CTG CTG TTG GTC TCA GCT GAG TCT GCT 301 

\|25 Val Ala Ala Val Leu Leu Leu Val Ser Ala Glu Ser Ala 

45 50 

CTG ATC ACC CAA CAA GAC CTA GCT CCC CAG CAG AGA GCG 340 
Leu He Thr Gin Gin Asp Leu Ala Pro Gin Gin Arg Ala 
30 55 60 65 

GCC CCA CAA CAA AAG AGG TCC AGC CCC TCA GAG GGA TTG 379 
Ala Pro Gin Gin Lys Arg Ser Ser Pro Ser Glu Gly Leu 
70 75 80 

35 
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TGT CCA CCT GGA CAC CAT ATC TCA GAA GAC GGT AGA GAT 418 
Cys Pro Pro Gly His His He Ser Glu Asp Gly Arg Asp 
85 90 

TGC ATC TCC TGC AAA TAT GGA CAG GAC TAT AGC ACT CAC 457 
Cys He Ser Cys Lys Tyr Gly Gin Asp Tyr Ser Thr His 
95 100 105 

TGG AAT GAC CTC CTT TTC TGC TTG CGC TGC ACC AGG TGT 496 
Trp Asn Asp Leu Leu Phe Cys Leu Arg Cys Thr Arg Cys 
110 115 

GAT TCA GGT GAA GTG GAG CTA AGT CCC TGC ACC ACG ACC 535 
Asp Ser Gly Glu Val Glu Leu Ser Pro Cys Thr Thr Thr 
120 125 130 

AGA AAC ACA GTG TGT CAG TGC GAA GAA GGC ACC TTC CGG 574 
Arg Asn Thr Val Cys Gin Cys Glu Glu Gly Thr Phe Arg 
135 140 145 

GAA GAA GAT TCT CCT GAG ATG TGC CGG AAG TGC CGC ACA 613 
Glu Glu Asp Ser Pro Glu Met Cys Arg Lys Cys Arg Thr 
150 155 

GGG TGT CCC AGA GGG ATG GTC AAG GTC GGT GAT TGT ACA 652 
Gly Cys Pro Arg Gly Met Val Lys Val Gly Asp Cys Thr 
160 165 170 

CCC TGG AGT GAC ATC GAA TGT GTC CAC AAA GAA TCA GGC 691 
Pro Trp Ser Asp He Glu Cys Val His Lys Glu Ser Gly 
175 180 

ATC ATC ATA GGA GTC ACA GTT GCA GCC GTA GTC TTG ATT 730 
He He He Gly Val Thr Val Ala Ala Val Val Leu He 
185 190 195 
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GTG GCT GTG TTT GTT TGC AAG TCT TTA CTG TGG AAG AAA 769 
Val Ala Val Phe Val Cys Lys Ser Leu Leu Trp Lys Lys 
200 205 210 

GTC CTT CCT TAC CTG AAA GGC ATC TGC TCA GGT GGT GGT 808 
Val Leu Pro Tyr Leu Lys Gly He Cys Ser Gly Gly Gly 
215 220 

GGG GAC CCT GAG CGT GTG GAC AGA AGC TCA CAA CGA CCT 847 
Gly Asp Pro Glu Arg Val Asp Arg Ser Ser Gin Arg Pro 
225 230 235 

GGG GCT GAG GAC AAT GTC CTC AAT GAG ATC GTG AGT ATC 886 
Gly Ala Glu Asp Asn Val Leu Asn Glu He Val Ser He 
240 245 

TTG CAG CCC ACC CAG GTC CCT GAG CAG GAA ATG GAA GTC 925 
Leu Gin Pro Thr Gin Val Pro Glu Gin Glu Met Glu Val 
250 255 260 

CAG GAG CCA GCA GAG CCA ACA GGT GTC AAC ATG TTG TCC 964 
Gin Glu Pro Ala Glu Pro Thr Gly Val Asn Met Leu Ser 
265 270 275 

CCC GGG GAG TCA GAG CAT CTG CTG GAA CCG GCA GAA GCT 1003 
Pro Gly Glu Ser Glu His Leu Leu Glu Pro Ala Glu Ala 
280 285 

GAA AGG TCT CAG AGG AGG AGG CTG CTG GTT CCA GCA AAT 1042 
Glu Arg Ser Gin Arg Arg Arg Leu Leu Val Pro Ala Asn 
290 295 300 

GAA GGT GAT CCC ACT GAG ACT CTG AGA CAG TGC TTC GAT 1081 
Glu Gly Asp Pro Thr Glu Thr Leu Arg Gin Cys Phe Asp 
305 310 
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GAC TTT GCA GAG TTG GTG CCC TTT GAC TCC TGG GAG CCG 1120 
Asp Phe Ala Asp Leu Val Pro Phe Asp Ser Trp Glu Pro 
315 320 325 



CTC ATG AGG AAG TTG GGC CTC ATG GAC AAT GAG ATA AAG 1159 
Leu Met Arg Lys Leu Gly Leu Met Asp Asn Glu He Lys 
330 335 340 

GTG GCT AAA GCT GAG GCA GCG GGC CAC AGG GAC ACC TTG 1198 
Val Ala Lys Ala Glu Ala Ala Gly His Arg Asp Thr Leu 
345 350 

TAC ACG ATG CTG ATA AAG TGG GTC AAC AAA ACC GGG CGA 1237 
Tyr Thr Met Leu He Lys Trp Val Asn Lys Thr Gly Arg 
355 360 365 

GAT GCC TCT GTC CAC ACC CTG CTG GAT GCC TTG GAG ACG 1276 
Asp Ala Ser Val His Thr Leu Leu Asp Ala Leu Glu Thr 
. 370 375 

CTG GGA GAG AGA CTT GCC AAG CAG AAG ATT GAG GAC CAC 1315 
Leu Gly Glu Arg Leu Ala Lys Gin Lys He Glu Asp His 
380 385 390 

TTG TTG AGC TCT GGA AAG TTC ATG TAT CTA GAA GGT AAT 1354 
Leu Leu Ser Ser Gly Lys Phe Met Tyr Leu Glu Gly Asn 
395 400 405 

GCA GAC TCT GCC WTG TCC TAAGTGTG ATTCTCTTCA GGAAGTGAGA 1400 
Ala Asp Ser Ala Xaa Ser 
410 411 

CCTTCCCTGG TTTACCTTTT TTCTGGAAAA AGCCCAACTG GACTCCAGTC 1450 

AGTAGGAAAG TGCCACAATT GTCACATGAC CGGTACTGGA AGAAACTCTC 1500 
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CCATCCAACA TCACCCAGTG GATGGAACAT CCTGTAACTT TTCACTGCAC 1550 
TTGGCATTAT TTTTATAAGC TGAATGTGAT AATAAGGACA CTATGGAAAT 1600 
5 GTCTGGATCA TTCCGTTTGT GCGTACTTTG AGATTTGGTT TGGGATGTCA 1650 
TTGTTTTCAC AGCACTTTTT TATCCTAATG TAAATGCTTT ATTTATTTAT 1700 
TTGGGCTACA TTGTAAGATC CATCTACAAA AAAAAAAAAA AAAAAAAAAG 1750 

10 

GGCGGCCGCG ACTCTAGAGT CGACCTGCAG AAGCTTGGCC GCCATGGCC 1799 

(2) INFORMATION FOR SEQ ID NO:3: 

gilS (i) SEQUENCE CHARACTERISTICS: 

□ (A) LENGTH: 70 base pairs 

'% (B) TYPE: Nucleic Acid 

(j (C) STRANDEDNESS : Single 

^ (D) TOPOLOGY: Linear 
m20 

^ (xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

LJ 

^ GGGAGCCGCT CATGAGGAAG TTGGGCCTCA TGGACAATGA GATAAAGGTG 50 

SJ25 

GCTAAAGCTG AGGCAGCGGG 70 
(2) INFORMATION FOR SEQ ID NO:4: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 
<D) TOPOLOGY: Linear 

35 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 

ATCAGGGACT TTCCGCTGGG GACTTTCCG 29 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 
AGGATGGGAA GTGTGTGATA TATCCTTGAT 30 
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WHAT IS CLAIMED IS: 

1. A method of modulating apoptosis in mammalian cells comprising 
exposing mammalian cells to Apo-2 polypeptide, said Apo-2 
polypeptide having at least about 80% amino acid sequence identity 
with native sequence Apo-2 polypeptide comprising amino acid 
residues 1 to 411 of SEQ ID N0:1. 

2. A method of modulating apoptosis in mammalian cells comprising 
exposing mammalian cells to an extracellular domain sequence of 
Apo-2 polypeptide comprising amino acid residues 54 to 182 of SEQ 
ID NO:l. 
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Abstract of the Disclosure 
Novel polypeptides, designated Apo-2, which are capable 
of modulating apoptosis are provided. Compositions including Apo-2 
chimeras, nucleic acid encoding Apo-2, and antibodies to Apo-2 are 
also provided. 
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Expression of GST fusions in E.Coli « 

Materials: 
Ice Cold PBS 
2YT/Carb 
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IPTG (200 mM) Genentech Stock. This 200x off the shelf. 

20% Triton X 100. Prepare from 100% stock at least 1 hour ahead 

Procedure 

A. Growth and Extraction 

f 

1. Inoculate 100 mL of 2YT with a colony of E.coli cells containing 
pGEX plasmid and incubate overnight at 37 degrees C. 

2. Warm 2YT/carb media to 37 degrees C and dilute the stock E.Coli 
1:100 and grow to A600 of .5-2. , , 

3. Add IPTG 1:2000 and incubate an additional 2-6 hours 

4. Transfer to 500 ml bottles and centrifuge for 10 minutes at 
7,700 g. (GS-3 at 7000 rpm) at 4 degrees C. 

5. Drain the pellet and place on ice immediately. 

6. Resuspend the pellet in ice cold PBS, 50 ml per Liter of original 
culture volume. Transfer to 50 mL conicals. 

7. Adjust volume of suspension to about 40 ml per tube. Sonicate on 
ice twice for 25 seconds on #5 using the large probe. Save an 
aliquot of the sonicate for GST CDN B assay at this point. Assay 
bacteria from pre-sonicate along side sonicate to see that the 
protein has been released 

8. Add 20 % Triton X-100 to a final concentration of 1% (2.6 mL per 
50 mL of sonicate). Mix gently for 30 minutes at 4 degrees C. 

9. Transfer to Oakridge tubes and spin at 12,000 g for 10 minutes 
at 4 degrees C. 



B. Purification 

1 . Preparation of 50 % slurry ( will need: 1 ml of GST-Sepharose 
50% slurry for each Liter of original culture volume). 

A. Gently shake the bottle of gel to resuspend. 
B. Pipette 1 .33 ml of slurry for each liter of original culture volume. 
C. Sediment the gel by centrifuging at 500 g for 5 minutes. 
0. Wash each 1.33 mL of slurry with 10 mL of cold PBS and repeat centrifugation.. 
E. For each 1 .33 mL of slurry resuspend with 1 mL of PBS to yield a final 
concentration of 50% slurry. 



2. Add slurry to the supernatant (1 mL of slurry for each liter of 
original culture volume) and incubate with gentle agitation at RT for 
30 minutes. 

3. Centrifuge at 500 X for 5 minutes to sediment the gel. Remove 
the supernatant and save for assay. 

4. Carefully load gel onto a column. Do not trap air bubbles 

5. Gravity wash 3x 10 mL with PBS per ml of resin . Check flow- 
through with Bradford (Note BCA and Lowry cannot be done here 
after because of the presence of glutathione). 

6. Elute with 1 mL of Glutathione Elution Buffer per 2 ml of 50% 
slurry. Add directly to the column and mix with resin. Let stand at 
RT for 10, minutes then drip through into clean eppendorf tubes. 

7. Repeat elution at least twice. Peak elution may. not be the first 
one, so these repeated elutions may be critical. Place fractions on 
ice immediately and assay be CDNB and Bradford. 



10. Transfer the supernatant to 50 ml conicals. This can be frozen 
at this step. 
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Procedure A: Measurement of GST Activity by 
CDNB Assay r 

Before beginning this procedure, you will need to prepare Glutathione 
solution, as follows: Add 5 ml of sterile water to the bottle containing 
Reduced Glutathione powder. Mix una! the powder dissolves. Aliquot 
into microcentrifuge tubes and store at -20°C until needed. Avoid more 
than five freeze-thaw cycles. 

- Note: Samples appropriate for the CDNB assay include bacterial 
sonicates, column eluates, etc. Ir is critical that pGEX-bearing 
cells be lysed prior to performing the CDNB assay. 

Standard Assay 

• In a microcentrifuge tube, combine the following: 

Distilled water 880 pi « 

1 OX Reaction Buffer 1 00 pi 
CDNB 10 p| 

Glutathione solution* 10 pi 

Total Volume lOODpT 

• Cap and mix by inverting me tube several times. 

- Note: Due to its low solubility in warer, CDNB may cause the 
solution to become slightly cloudy. The solution should clear 
upon mixing. 

• Transfer 500 ul volumes of the above solution into two UV-trans- 
parent cuvettes. To one of these cuvettes ("sample cuvette) add the 
sample to be assayed {5-50 pi). To the other cuvette ("blank cuvette") 



add a volume of IX Reaction Buffer equal tome amount of sample 
added to the sample cuvette. 

' Cover each cuvette with wax film and invert to mix. 

• Place the blank cuvette in a UV spectrophotometer and blank at 
340 nm. Measure me absorbance of the sample cuvette at 340 nm 
and simultaneously start a stopwatch or other timet 
Record absorbance readings at 340 nm at one-minute intervals for 
J minutes by first blanking the spectrophotometer with the blank 
cuvette and then measuring the abosorbance of the sample cuvette. 

- Note: The reaction rate is linear provided an A M0 of approximately 
0.8 is not exceeded during the five-minute time course. Initially, 
results may be plotted to verify that the reaction rate is linear over 
the time course. Adjust the amount of sample containing the GST 
fusion protein to maintain a linear reaction rate. 

- Note: Under the conditions of the assay, glutathione and CDNB will 
react spontaneously to a small degree, in the absence of GST, to 
form a chemical moiety that absorbs at 340 nm Under standard 
assay conditions and volumes at 22*C, the baseline drift produced 
by this reaction causes a AA 340 /min of approximately 0.003 (or 
0.015 m 5 minutes). This reaction is corrected for by blanking the 
spectrophotometer with the blank cuvette before each reading of the 
sample c — 




PROTOCOL 
introduction 

The following protocol can be conveniently scaled to purify as little as 

S&^SSia? ° f GSTfUSi0n PrOKin ^ "™ 
Yield of fusion protein is highly variable and is affected by the nature of 
■ K OKm ' thc h ^ and condition used S 

protein y,elds can range from 1 -3 mg/1 up to 1 0 mg/! (2). Tabk «n be 
used to approximate culture volumes based on an average yield of ZJn&L 
r 2IrJ[ hc rCa 5 efW vdume requirement* »« ba«d cm i binding capadrv of 
J^riy^T 051 per ml of dnttKi 6^ which « the^imwntodin* 

K^?"*"? 5*™* 46 W™- 0 "- «> thc label on St 
•write for thc exact binding capacity. 

Table 1: Reagent volume requirements for different protein yields. 

Pomponem 80 mg 16 m E 1.6 

Culture Volume 20 liters " 

Volume Sonicate 1 000 ml 
Glutathione Sepharose 

Bed Volume' JOml 
IX PBS" 100 m , 

Glutathione 

Elurion Buffer 10 ml 



5m R 

4 liters 
200 ml 

2ml 
20 ml 





400 ml 
20 ml 

200 pi 
2 ml 



20 ml 
1 ml 

10 pi 
100 pi 



rt A (It. 1 mi of 50% Gluoriwone Scph»r« durry wifl cive . bed »cW of 



?h52fi? rB A = Pr ?P ar a«on of 50% Slurry of 
Glutathione Sepharose 4B 

SSJtfSf SSL"? 4B may * med for batch or column purification 
£«5wJ SWerases or recombinant GST fusion prottins 
produced using the pGEX series of expression v CC tors Once uWI is 
equdibrated, ,, can be transferred to a suitable chromatoS?phv cSuL 

-1 3mll t See' pZSa *r ? IUmC ap r? (inC,udes * el and ««npS oT 
rh,i Q r UIC C f ° r P rotocok for c °l«™ Purification of 
Glutathione S-transfcrase proteins. 

' r£S? 10 J ab L C 1 °° 4 > dere ""in^ die bed volume of 

Glutathione Sepharose 4B required for your application Glutathione 
Sepharose 4B as supplied is approximately a 7S%S^ ^■*«« 
foliowmg procedure results in a 50% slurry. 

• Gently shake the bottle of Glutathione Sepharose 4B to resuspend the 

• Use a piper to remove sufficient slurry for use and transfer to an 
appropmte container/tube. Dispense 1.33 ml of the origin*? 

S^J'Tnl^r^ V^X ■? m ' ° f ^ volume required. One 
mlof drained geJ is capable of binding at least 8 nut of reromkLn? 
GST. Refer to the label on the bottle for ^^S^ 

" US iX ?R U ^ h5 °A n L Scpha ^ e 4B by addition of "> ml of cold 
Let A ifJKf AddmonjJ Reagents and Materials, Appendix 1) 
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- Note Glutathione Sepharose 4B must be thoroughly washed with IX PBS to 
remove the 20% cthanoi storage solution. Residual cthanoi may interfere with 
subsequent procedures. 

• Sediment the gel by centrifugarion at 500 x g for 5 minutes. Decant 
the supernatant. 

• For each 1.33 ml of the original slurry of Glutathione Sepharose 4B 
dispensed, add 1 ml of IX PBS. This results in a 50% slurry. Mix well 
prior to subsequent pipetting steps. 

- Note: Glutathione Sepharose 4B equilibrated with IX PBS may be stored at 4*C 
for up to 1 n 



6 £ -oIlh*^^ 



Procedure B: Batch Purification of Glutathione 

S-Transferase Proteins 

Binding 

• Add 2 ml of the 50% slurry of Glutathione Sepharose 4B equilibrated 
with IX PBS (Procedure A) to each 100 ml of bacterial sonicate 
(Appendix 4). 

• Incubate with gentle agitation at room temperature for 30 minutes. 

- Note: At this stage, the gel with adsorbed fusion protein may be packed into 
a Disposable Column to facilitate washing and edition steps. If a Disposable 
Column is used, refer to Procedure C for instructions on washing and clution. 

• Centrifuge the suspension at 500 x g for 5 minutes to sediment the gel. 
Remove the supernatant. 

- Note: The majority of the etuate can be discarded. However, a sample should 
be retained for analysis by SDS-PAGE or CDNB assay (see GST Detection 
Module, 27-4J90-01) to measure the efficiency of binding to the gel 

Wash the Glutathione Sepharose 4B pellet with 10 bed volumes* of 
IX PBS. 

Centrifuge the suspension at 500 x g for 5 minutes to sediment the gel. 
Discard the wash. 

Repeat the wash twice for a total of three washes. 

- Note: Protein bound to the gel may be cluted directly at this stage using 
Glutathione Elution Buffer (see Appendix 1). If desired, GST fusion proteins 
may be doved while still bound to die gel with Thrombin or Factor Xa to 
liberate the protein of interest from the GST moiety. If die pGEX construct 
contains the recognition sequence for Thrombin refer to Appendix 5: Thrombin 
Cleavage of GST Fusion Proteins. 

kd volume b equal to 0 -S X the volume of the 50% Gturarhicm Scpturose slurry used. 



- Note Glutathione Sepharose 4B must be thoroughly washed with IX PBS to 
remove the 20% cthanoi storage solution. Residual cthanoi may interfere with 
subsequent procedures. 

- Note: Glutathione Sepharose 4B equilibrated with IX PBS may be stored at 4'C 
for up to 1 month. 

Binding 

• Use a piper to apply the bacterial sonicate (Appendix 4) to the gel in a 
drained and equilibrated Glutathione Sepharose 4B column. 

- Note If needed, the'sonicare may be clarified by filtration through a 0.45 pm 
filter before applying it to the column. 

• Remove the end cap or Parafilm and allow the sonicate to flow 
through. 

- Note The majority of the eluate can be discarded. However, a sample should be 
retained for analysis by SDS-PAGE or CDNB assay (see GST Detection Module, 
27-4590-01) to measure the efficiency of binding to the gel. 

• Wash the gel by rhe addition of 10 bed volumes* of IX PBS. Allow 
the column to drain. Repeat twice more for a total of three washes. 

- Note Protein bound to the gel may be cluted directly at this stage using 
Glutathione Elution Buffer (see Appendix 1). If desired, GST fusion proteins 
may be cleaved while still bound to the gel with Thrombin or Factor Xa to 
liberate the protein nf interest from the GST moiety. If the pGEX construct 
contains the recognition sequence for Thrombin refer to Appendix 5: Thrombin 
Cleavage of GST Fusion Proteins. 



"Bed volume is equal m 0J X the volume o/ the 50% Glutathione Sepharose slurry used. 



Elution 

• Once the column with bound protein has been washed and drained, 
replace the bottom cap or wrap with Parafilm. 

• Elute the fusion protein by the addition of 1 ml of Glutathione Elution 
Buffer (prepared as described in Appendix 1} per ml bed volume*. 
Incubate the column at room temperature (22-25°C) for 10 minutes to 
elute rhe fusion protein. 

• Remove the bottom cap or Parafilm and collect the eluate. This 
contains the fusion protein. 

• Repeat the elution and collection steps twice more. Pool rhe three 
eluates. 

_ Note Following the elution steps, a significant amount of fusion protein may 
remain bound to the gel. Volumes and times used for elution may vary among 
fusion proteins. Additional elurions may be required. Eluates should be 
monitored for GST fusion protein by SDS-PAGE or by CDNB assay (GST 
Detection Module, 27-4590-01). 

- Note The yield of fusion protein can be estimated by measuring the absorbancc 
at 280 nm. For the GST affinity tag, 1 A ao • 0J mg/ml. 

_ Note The yield of protein may also be determined by standard chromogenic 
methods (eg. Lowry, BCA, Bradford, etc). If a Lowry or BCA type method is 
to be used, the sample must first be dialyted against 2000 volumes of IX PBS to 
remove glutathione, which can interfere with protein measurement. The 
Bradford method can be performed in the presence of glutathione 




Witnessed & Understood by me,' 



Project No- 



11 _' .. i i i i w/ ! i i i r™ lis ; i i 



WO 



Prom Page No — 



91 



. 1 i.. 




I ^ 3 *< S i 7 7 7 it if 




J i 



MB il fill m 



I i 




Project SsJo 



i i 



96 



Book No. 

26610 TITLE 



From Page No. 




I ! ! 



! i 



2E 



-low/:' 




Ills 



L2JL 



Oj. 



r — ! — r 

i i i 



o Ci 1 6$ A. 



14 




31 



j l 



z: 



! i 



i 



J. i 7'L/JyJ ^ ! tK ! i/.i, 7^ J lV ■ 






NOTEBOOK NO. 27510 
ISSUED TO got, 

ON ±H 19_ii 

DEPARTMENT V^X^c CWol 



log o\ 

RETURNED _19. 



-SCIENTIFIC NOTEBOOK CO.— 
2831 LAWRENCE AVE. 
P.O. BOX 238 
STEVENSVILLE, MI 49127 
616-429-8285 

ADE- 21 

USSN 10/052,798 



TITLE /V Is'iTXo 7-jZ/&m>, L&V^ytt / 



Project No. 

Book No. 27510 







^^^i^t^" t k - 

./i<4&. A~<j ........ ..„ 

/^W- <u^^ ZZZc*. 






to - 




Witnessed & Understood by me, 




2 



I ! ! 



Book U O.22S10 TITLE fevil dpiOV) 



at^gsneta^iMaisaiea 



r- + 

-fr— 



-pnec w i 



-ir 



Witnessed ft Understood by me, 



Date 



Invented by 
Recorded by 




Project No 

4 Book No. 2751 0 TITLE (J^<jZ s ^/ ^ £>p? 



From ?>"»Ci* no 






cot 






Project No 
Book No. ft r Q-1U 



0606/N50/2472S/9.90 



r i 



■i i 



■a s. 

4^ 



"f>H 3sT 



4- f.opfj -fftij 



■ 0 







0, 





















i 



Or 



~ y 



-U- 



! J -!- 



2- 2 o 4 ,^ 



Witnessed & Understood by me 




To feqe He 



8 



"JbooI TITLE f)PO^'T$£ 




From Page No 







B> </%^e^ 4/ r^ /rr> l- 








3, 




^6 TyWSI : 



Witnessed & Understood by me, 


















^^^^^^^^^^^^^^^^^^^^^ 


^^^^ 



















10 



From Page No 



Project No. 



Book no 2251 0 title O^^^^ APoz- 



i \ s 



$5 ft /r^f'^i^"*^; 



/ 

.2- 



1.6.. Of ! £2.5 



_-_._L/.£2 



J_±5~ 



7... ; x^.. 



.... . j. _ : t %.?7^ , . ; j 



~L73LiLi!? 

i" 1 icrt ; £/_ .o/'t'. 

J^ti. 

/ / £ : _ y p 

./.- s:„ ! v.ojrjr 

..^j j /°-7 . 

A/ : . o / / 

_| 



4 

T~7-;' 

/3 



i ! ! 



... ^ 

•P93 | 

/. . 1 



! ! 



Ill 



i i f 



< i i 
1 j p - 



i i 



i i 



y 



j l± 



,_„{ 4- 

; i 

; ; i 
i j ]_ 



-4- !~H- 

! i • 



-t- 



-i L • A fd^-/** u 



1st); 






Project No.. 



TITLE 



_Z IZ Book No. 27510 



11 



From Page No 

7i 



-3» 

1 1 


i * 






' ■ B ft " ! " 


— 


1 

•• 

— 


i 

\ 

— i — 


1 

1 




1 1 


1 

1 — 1 


— 


i 

— i — 


1 

1 — ! 


bt 


1 1 

! 


— I — 
— i — 




1 


i 

i i 


1 

1 1 


1 

— 1 — 


! 

1 

1 i 


■ 
i 

i 


— 1 


! 1 
1 1 


i 

f — 1 — 1 


1 

— 1 — 


! 

1 , 


t 
i 




I 1 


I — I — i 


M-i 


i 

— i — 


i — i — 
■ 




H-r 

— 1 — i — 


i 

— i — 


t 
i 

— i — 


i 


— i — 
• 




l I 
— i — i — 


i 

1 


i 


— 1 — 
• 


— i — 

i 




! ! 


1 

. i 




— i — 
i 
i 

— i 


i 

i 

... 1 



; /.' too. 



^ 3 




Witnessed & Understood by me, 




TITLE ftrs>2^c- 



Project No. 
Book No. 2751 Q 




22 



From Page No — 



Lactoperoxidase lodination with PD-10 



Materials and Reagents: 



Protein: 

0.4 M Na Acetate, pH 5.6 
0.1 M Na Acetate, pH 5.6 

Na ,25 I: Amersham IMS JO (Calibration date 
Lactoperoxidase: 23582-90 (Calbiochem 427 488) 
30% H 2 02: Sigma H 1009 
Water for Irrigation (WFI) 

Sephadex G-25M PD- 10 Column: Pharmacia 17-085 1-07 



^ \ Decay factor 
100 IU/mL 



Column Buffer: 



50% TCA 



Procedure: 



v PBS/0.5% BSA 

PBS/0.5% BSA/0.05% Tween 20 

PBS/0.5% BSA/0.05% Tween 20/1 M NaCl 

PBS/0.05% Tween 20 



Pipei 
Add , 



/ST 



M-L C 



nmol) protein into 1.5 mL microfuge tube 



pL-0.4 M Na Acetate, pH 5.6 

mCi/ — £^ pL L2lH1 nmol) Na 125 1 (0.5 nmol/mCi on calibration date) 
pL*lactoperoxidase {Dilute J00_ IU/mL stock serially: 

M- + /*? pX and 1: , ic, pL + pL 

* in 0.1 M Na Acetate, s * t n f mlU/uL) 

Add S ±' ng/ *T pL (Q.ns n mol) H2O2. (Dilute 300 mg/mL (8.7 mol/L) stock 

pL and I: , \ Ct 3. 

iQij^Ag/mL C 

Incubate min. at ambient temp, witn intermittant vortexing. 

J Add £\' ng/ <T. pL (o-'z> nmol) H2O2. 
Incubate — min. at ambient temp, with intermittant vortexing. 

Quench reaction by adding pL WFI. TYfi- V- 

Total volume: pL. 

Pipei 5 pL aliquot for TCA precipitation. 

Transfer iodtnalion mixture to PD-10 column (equilibrated with 25 ml column buffer) and 
allow to run into gel bed. 

Ad d ml column buffer (total added » 2.5 mL). 

Collect and discard 2.5 mL from column. 

Add 3.5 mL column buffer. 

Collect x mL fractions 

Count 5 pL aliquots from peak fractions in gamma counter. 
Pool peak fractions: 

Pipei 5 pL aliquot for activity and for TCA precipitation. 





6. Calculations ^ 

a. n-CC: AgjjgS; /A: WJM£ft = E: jf fj Decimal fraction 
Incorporation 

b. fl-fD: Z±3H / B: M3^^>r ^1= * gff Decimal fraction 
Preciptability of Pool 

c. Specific Activity (uci/ug)= £ggf uCi used x E: • = 

2 ^ uCi/ ' ug protein used=F: £ P.* uCi/ug 

d. cpm/mL=B:^£Z££ilx 5fojf=G: tJ*X/Q C . 
e.ug/mL=:G: ^./or*/*' l *\ * ' ?■ 7 I 2.12e6=H:_ L ^il3_.ug/mL 

f. Protein recovered= H: • V / S x tifai 2 ^ mL vol of 
.ug yield. 

g. % Protein recovered=I: r/^-? / 6*^ ug protein used x 
100= %, 



e. Lot Number. 



„f. Date of iodination 
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1024 Apo2-M25 Binding to Apo2-lgG 

3200 




age #1 - 'Data 24' 





MEAN 


STDEV 


C 


1 


1623.0 


98.995 


66.700 


2 


2434.5 


51.619 


22.200 


3 


2858.5 


238.29 


7.4000 


4 


2952.0 


217.79 


2.5000 


5 


3007.5 


84.146 


0.82000 
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Competition: Apo2L-125l/Apo2-lg 



2000 — 



* 1500-- 
I 1000-- 



500" 
0 







Vak* 


Error 


ml 


2303.6366472 


164.524 


Rl2 


1.61802523 


0.265029 


no 


17.547170315 


2.42758 


rrv4 


414.00002288 


40.3551 


Chkq 


4 4604.6704 25 


m 


R 


0.0051 7267505 











age #1 ♦ -102Bdata' 



10 100 1000 

nM Apo2L added 





MEAN 


STDEV 


C 


1 


345.00 


31.113 


636.00 


2 


359.50 


9.1924 


423.96 


3 


429.50 


21.920 


282.61 


4 


511.00 


52.326 


188.39 


5 


561.50 


9.1924 


125.58 


6 


593.00 


52.326 


83.711 


7 


705.50 


21.820 


55.602 


e 


834.00 


8.4853 


37.198 


9 


1003.0 


241.83 


24.796 


10 


1384.0 


4.2426 


16.529 


11 


1788.5 


0.7071 1 


11.018 


12 


1969.0 


22.627 


7.3447 


13 


2032.0 


42.426 


4.8960 


14 






KB 


15 




, 45.255. 


' 2.1765 


16 




24,749 





Apo2-l125 Binding to Apo2«lgG: Saturation 



age #1 - 





3000 




2500 


■a 
c 


2000 


3 




o 




n 


1500 


E 




a. 
o 


1000 




500 





VWua 




mi 


64.350106128 


31.5110 


m2 


1.7030045406 


0.0871382 


, m3 


6.1322306444 


0.153664 


m4 


2643.2152462 


38.0762 


Chlso. 


15167.026366 


m 


R 


D.0B045331285 






5.13 nM : half-max 



0.1 



1 10 
Nanomolar 1251 Loaded 



100 





MEAN 


STDEV 


C 


MEAN 


STDEV 


F 


G 


1 






P|S00J00J 




PffiTf 


\ J 53313 


* 


2 


' 5410.5 


;. . 300.52 


. 333.30 


\ *«.oV 


22*. 7 


1144143? 




3 


'■; /3T723; 






' 479.00 




■' 32933 




4 


3056.0 


11.314 


148.10 


282.00 


42.4?6 


2774.0 


49.000 


5 


2968.0 


267.29 


96.726 


219.50 


6.3' 0 


2748.5 


32663 


6 


2615.0 


9.8995 


65.811 


205.50 


41./19 


2609.5 


21.773 


7 


2589.0 


80.610 


43.869 


122.50 


19.092 


24663 


14.514 


8 


2213.0 


46.669 


29.243 


77.000 


65.054 


2136.0 


9.6751 


9 


1782.0 


107.48 


19.494 


98300 


62.933 


16833 


6.4494 


to 


1385.0 


76.368 


12.994 


52.500 


19.092 


1332.5 


4.2992 


11 


863.00 


18.385 


8.6621 


64.000 


29.698 


799.00 


2.8658 


12 


580.00 


57.983 


5.7742 


10830 


109.60 


47130 


1.9104 


13 


421 .00 


22.627 


3.8491 


47300 


17.678 


37330 


1.2735 


14 


254.00 


15.556 


23658 


51.000 


31.113 


203.00 


0.84869 


f5 


16930 


12.021 


1.7103 


30.000 


26.870 


13930 


036587 


16 


124.00 


1.4142 


1.1401 


10.000 


6.4853 


114.00 


0.37721 
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age It ■•Dalair 





Ligand 


MEAN Apo2-lgG 


STDEV 


MEAN DFU-lgG 


STDEV 


F 


1 


LTalpha 


99.041 


0.81361 


108.56 


0.48638 




2 


TNFalpha 


96.006 


2.1236 


98.375 


0.96781 




3 


Apo2L 


L 33.930 


3.2531 


71.343 


17.300 




4 


FasL 


100.10 


1.6716 


93.713 


6.4722 





120 



MEAN Apo2-lgG 
MEAN DR4-lgG 

Ligand Specificity 




LTalpha TNFalpha Apo2L 
Ligand Competitor 



age »1 - ■1032compdata* 





moan apo2lgG 


STDEV 


Mean DR4-lgG 


STDEV 


nM Cone Apo2L 


1 


492.00 


11.314 


415.50 


44.548 


636.00 


2 


468.50 


4.9497 


.477.00 


52.326 


— > 423.96 


3 


484.00 


11.314 


458.50 


20.506 


282.61 
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536.00 


4.2426 


438.00 


46.669 


186.39 
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618.00 


21.213 


583.50 


23.335 


125.58 
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682.50 


3.5355 


685.00 


2.8284 


83.711 
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879.00 


48.083 


830.50 


89.803 


55.802 
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| 1064.5 


61.518 


1033.0 


14.142 


37.198 
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1343.0 


1.4142 


1269.0 


5£326 


24.796 


10 


1721.5 


9.1924 


1429.0 


43.841 


16.529 


11 


1974.0 


219.20 


1572.0 


72.125 


11.018 


12 


1970.5 


53.033 


1646.0 


124.45 


7.3447 


13 


2020.0 


79.196 


] 828.5 


94.045 


4.6960 


14 


- ,1955.5 


,31.820 


. s 1525.5 


. : 27.577 


^ 3:2637 


15 






: • 1549.0 


/ 80.610 


£.1756 


16 








86.974 
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mean apo2lgG 
■ - Mean DR4-lgG 
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VWu* 
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305.10444 787 
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Chtaq 
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0.00788807111 






10 100 
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Friday, May 9 3:08 AM 





20ug/mt apoIgG 


STDEV 


10ug/ml ApolgG 


STDEV 


5ug/mL ApolgG 


STDEV 


20ug7mL DR4 


1 


527.00 


62.225 


535.00 


33.941 


492.00 


8.4853 


367.00 


2 


638.00 


67.882 


639.00 


15.556 


592.50 


21.920 


473.00 


3 


860.00 


25.456 


761.00 


7.0711 


725.50 


23.335 


571.50 


4 


979.00 


63.640 


946.50 


64.347 


917.50 


61.518 


785.50 


5 


1337.0 


83.439 


1209.5 


28.991 


1204.5 


103.94 


1019.0 


6 


1544.5 


103.94 


1412.0 


28.284 


1485.5 


14.849 


1270.5 


7 


1603.5 


26.991 


1566.5 


70.004 


1481.5 


16.263 


1413.0 
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1578.0 


50.912 


1457.0 


41.012 


1414.0 


50.912 


1288.5 
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STDEV 


10ug/mL DR4 


STDEV 


5ug/ml DR4 


STDEV 


Cone. nM 


N 


1 


39.596 


400.50 


20.506 


487.00 


29.698 


250.00 




2 


9.8995 


488.00 


5.6569 


524.50 


0.70711 


125.00 




3 


7.7782 


605.50 


6.3640 


658.00 


9.8995 


62.500 




4 


43.134 


845.00 


52.326 


858.00 


33.941 


31.250 




5 


69.296 


1013.0 


46.669 


1020.5 


64.347 


15.625 




6 


23.335 


1210.0 


100.41 


1282.0 


14.142 


7.8125 




7 


j 21.213 


1334.S 


26.991 


1248.5 


36.062 


3.9062 




8 


68.589 


1282.0 


73.539 


1201.5 


19.092 


1.9531 





1800 
1600 
1400 
1200 
1000 
800 
600 
400 



1038 Competition Curves for 
Apo2L-I125 Binding to Apo2-lgG 



30 nM @ 20ug/mll 
25.9 nM @10ug/mL 
27.5 nM @ 5 ug/ml 




— 20ug/ml apoIgG 

— 1 0ug/m! ApolgG 

— 5ug/mL ApolgG 



it 



1600 
1400- 
1200- 
1000- 
800 
600 
400 
200 



1038 Competition Curves for 
Apo2L-l125 Binding to DR4-lgG 



24.8 nM @ 20ug/cfiL 
28.8 nM @10ug/mL 

30.1 nM @ 5 ug/ml 




-# — 20ug/mL DR4 
Hi — 10 ug/mL DR4 
♦ - 5ug/ml DR4 



10 100 

Cone. nM 



1000 



10 100 

Cone. nM 



1000 
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D 

n) 
m) 
- iv) 




293 cells 



500K cells for FACS 
500K cells for DNA Ladder 
1000K cells for NFkB 
3000K ceUs for SAP/cJun 





pRK5 (20ng/ml) 






2. 


pRK5 (20*ig/ml) 






- / 3 . .) 


2-1 (10ng/ml) 


+ 


pRK5 (10ng/ml) 


4. 


2-1 (10|ig/ml) 


+ 


pRK5 (10ng/ml) 


- .""5. ) 



2-1 (10ng/ml) 


+ 


CRMA (10|ig/ml) 


Z 6. 


2-1 (lO^ig/ml) 


+ 


CRMA(10ng/ml) 


iy 


2-1 (lO^ig/ml) 
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FADD-DN (10|ig/ml) 


- 8. 


2-l(10ng/ml) 
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FADD-DN(10jig/ml) 


: 9 - 


2-l(10ng/ml) 
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pRK5 (lO^ig/ml) 


- 10. 


2-l(10*ig/ml) 
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pRK5 (10ng/ml) 


^ — -'' 


pRKCRMA(10|ig/ml) 
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pRK5(10ng/ml) 


12. 


pRKCRMA(10ng/ml) + 


pRK5(10ng/ml) 




+ DEVD-Fmk 
+ DEVD-Fmk 
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lining constructs using the 



INCYTE constructs! 

Scot Mar sters obtained iiumiuk, 
INCYTE Data Base on last Friday. 

Step 1 (T uesday Electroportate 1.000K HeLa cells with 8u.g of gene X 

8u.g of gene pRK5, luJ VARNA, and 4^g of pRKCD4. 



Step 2 change medium 

Step 3 Express for 24hrs and harvest for FACS. VjrO(ViS?>^ ^ 

j \J pRK5(16u.g/ml) 

j pRK5 (8Mg/ml) WfA \ . l(8ug/ml) 

! ^ pRK5 (8u£/ml) 2-l(8ug/ml) 
pRK5 (8^g/ml) 3-l(8ug/ml) 
pRK5 (8fig/ml) 4"lC8Mg/ml) 



(+) pRKCD4 
(+)pRK5 

pRKCD4(+)pRKCD4 



+ CRMA(8u.g/ml) 
+ CRMA 
+ CRMA 
+ CRMA 
+ CRMA 




pRK5 (8u.g/ml) 

1- 1 (8ng/ml) 
2>l(8Mg/ml) i 

3- 1 (8Mg/ml) r 

4- 1 (8Mg/ml) 

2- l(8ug/ml) 
2-l(8jjg/ml) 
2-l(8u£/ml) 
2-l(8ng/ml) 



pRK5 (16u£/m]) 

pRK5 (8ug/ml) 2-l(8u£/ml) 
Add ALLN (IgO^Buf^ before harvest 
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cyclohexamide:HeLa 

HeLa:Apo2L,TNF, and LT (plated in HGDMEM) 

; Dose response in the presence and absence of cyclohexamide Plate -200K cells in 6 well 
L plates on the previous night Cells will be pretrcated with ALLN for I hr prior to Apo2L. 
Cells will be incubated with Apo2L for 5hrs prior to annexin staining. 

l$:00AM pretreat 12 wells +/- eye. @ 40ug/ml (1:1000) for Ihr. 
\^:00AM treat cells with each ligand @ 1 ug/ml. 
^:00PM Harvest and annexin stain (no PI). 
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ALLN:HeLa 
HeLa:Apo2L,TNF. and LT (plated in HGDMEM) 



sS" 10 ^ ^ ^ «* -Abated wlS, Apo2L for 5^^^ ™ f ° r 

8:00AM pretreai 12 wells V- ALLN @ 40jig/ml (1:1000) for lhr. 
9:00AM treat cells with each ligand @ lfig/ml 
2:00PM Harvest and annexin stain (no PI). 
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Step 1 

Step 2 
Step 3 

A 
B 
C 

1 

2 

3 
4 

5 
6 

7 
8 

9 
10 

11 

13 



INCYTE construct 2-1 
Electroportate 1,000K HeLa cells with 8u.g of gene X, 8p.g of gene pRK5, 

lu.1 VARNA, and 4ug of pRKCD4. 

Change medium after 4hrs. 

Express for 24hrs and harvest for FACS. 



(+) pRKCD4 

(-) pRKCD4 (+) pRK5 

(+)pRK5 + ^CP^( 

pRK5(16|ig/ml) 
pRK5(16ug/ml) 

pRK5 (12jig/ml) 
pRK5 (12u£/ml) 

pRK5 (lOjig/ml) 
pRK5 (lOug/ml) 



+Apo2 



PE 
PE 

FTTC + PE 



2-1(4^1111)^^^/ 
2-l(4ng/ml) ' f 



i — r 



i ! 



2-l(6Mg/rol) j 
2-l(6fxg/ml) 



J L 



pRK5 (8u.g/ml) 
pRK5 (8u.g/ml) 

pRK5 (6ug/ml) 
pRK5 (6ug/ml) 

pRK5 (4tig/ml) 
pRK5 (4fig/ml) 



2-l(8ug/ml) 
2-l(8ug/ml) 7 

2-l(10fig/ml) 7 
2-l(10u.g/ml) ' / 

2-l(12u.g/ml) 
2-l(12jig/ml) 



2-l(16ng/ml) 
2-l(16|ig/ml) 
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293 Transfection 

Split cells 3 days in advance. 

Feed cells at least lhr before transfection (DNA must sit on cells for 4hrs (8hrs max.)), 
then change the medium. 

Tube A Tube B 

0.5mls TE (diluted 1: 10) 0.5ml 2X HBSS 

DNA(lOug) 

lug VARNA 

Mix 

Add50ulof2.5MCaCL, 
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Step 1 

Step 2 
Step 3 

A 
B 

C 

1 



INCYTE construct 2-1 

luJ VARNA, and 4ug of pRKCD4. 

Change medium after 4hrs. 

Express for 24hrs and harvest for FACS 



3 

\— 5 

- © 



ii 
1 



(+)pRKCD4 

OpRK^4 (+)pRK5 

1 pRK5(16|ig/ml) 
pRK5(16fig/ml) 

pRK5 (12/ig/ml) 
pRK5 (12jig/ml) 

pRK5 (lOfxg/ml) 
pRK5 (lOjig/rnl) 

pRK5 (8u.g/ml) 
pRK5 (8/ig/ml) 

pRK5 (6^ig/ml) 
pRK5 (6^g/ml) 

pRK5 (4jig/ml) 
pRK5 (4^ig/ml) 

2-l(16ug/mI) 
2-l(16ug/ml) 



+Apo2 



PE / — ~ 

pe v ^^t&dc^. 

FTTC + PE 

thtc 



2-l(4ng/ml) 
2-l(4pg/ml) 

2-l(6|ig/ml) 
2-l(6ng/ml) 

2-l(8pg/ml) 
2-l(8jig/ml) 

2-KlO/ig/mJ) 
2-l(10jig/ml) 

2-l(12ng/mI) 
2-l(12jig/ml) 



HeLa 2-1 transfection +/- 0.0625 jig/m! Apo2L 



So. s 

i m ■ t i Q. 4Q% 

~^y-f<r/- ; | 30% 




DNA [pg] 



M?iLL EjJ&j^^ 



: t s j , j ; . j t ! , ; J i ■ J 
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Step 1 

Step 2 
Step 3 

A 
B 
C 
D 

1 
2 

3 
4 

5 
6 

7 
8 

9 
10 

11 
12 

13 
14 

15 
16 

17 
18 
19 



INCYTE construct 2-1 
Electroportatc 1 ,000K HeLa cells with 8u.g of gene X, 8u.g of gene pRK5 

lui VARNA, and 4*ig of pRKCD4. 
Change medium after 4hrs. 
Express for 24hrs and harvest for FACS. 



(+) pRKCD4 
(-) pRKCD4 
(+) pRK5 
(+) pRK54Ct)H 



(+) pRK5 

+Apo2 

-apoptosis 

pRK5(16ug/ml) 
pRK5(16u.g/mI) 

pRK5 (8u.g/ml) 
pRK5(8ng/ml) 3$ 

pRK5 (8|ig/ml) /<?« 

pRK5 (8u.g/ml) + 

2-l(8jig/mJ) 3i>*«8^ + 
2-l(8u.g/mJ) £>V* + 

2-l(8Mg/ml) 

2-l(8ug/ml) Hi?' T% 



2-l(8ug/ml) 
2-l(8jig/ml) 

CRMA(8ug/ml) 
CRMA(8ug/ml 



+ 
+ 



2-l(8ug/ml) 

2-l(8ug/ml) /r«?*% 

2-l(8pg/ml) 

M(8ng/ml) L££^ 

2-l(8jig/ml) ^Sk-f 
2-l(8ng/ml) 

M(8ug/ml) ^fcfVc 

2-l(8Mfi/ml) fe j U^y l 
2-l(8ug/ml) 



Add DEVD 4hrs after electro poration 
pRK5 (16u£/ml) It* 17* +DEVD 

pRK5 (8ug/mi) 2-l(8ug/ml) 3^&^OEVD 




CRMA(8jig/ml) 
CRMA(8u.g/ml) 

MuFADD-DN(8u,g/ml) 
MuFADD-DN(8jig/ml) 



+ HuFADD-DN(8u^ml) 
+ HuFADD-DN(8u.g/ml) 

+ ^|i0}6 Hu-TRADD-DN(8ng/ml) 
+ MO^TC Hu-TRADD-DN(8u^ml) 

Hu-TRAF2-DN(8u.g/ml) 
+ M^.^^ Hu-TRAF2-DN(8|ig/ml 

+ 4<f * Hu-RIP-DN(8^g/ml)7 t ^^r1 
+ 53.^0/ Hu-RIP-DN(8u.g/ml)^ 
+ Hu-RIP-DN(8u.g/irU) 



20 S 0 /*" 

21 £0^1 




5i |l 



Add ALLN (lOOng/ml) 4 hrs before harvest 
pRK5 (16jig/ml) 

pRK5 (8ug/ml) 2-l(8ug/ml) 



+ALLN IM.fcT. a 
h-ALLN $ 



! ! 



i ti 



Add cyclohexamidc 4 hrs before harvest i 
pRK5 (16jig/ml) CM^^ +cyc 

pRK5 (8|i£/ml) 2-l(8(ig/ml) , / +cyc 



2C 



i i ; i .; j i i 
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1000K cells for DNA Ladder 
1 . ^tfyj^* P RK5 W"!) a V* 



2-1 (10u.g/ml) 
2-1 (lOjig/ml) 



3. /♦/ 

4. as 

5. a? 

6. 

7. Xfit ''^ 



2-1 (lOug/ml) 
2-1 (lOjig/ml) 
2-1 (lOug/ml) 



8. /*3y~>^ 2- 



l(10jig/ml) 



+ pRK5 (10p,g/ml) 

+ CRMA (10Mg/ml) 

+ HuTRADD-DN (lO^ml) 

+ HuTRAF2-DN (lOug/ml) 

+ HuFADD-DN(10jxg/ml) 

+ MuFADD-DN (lOjig/ml) 

+ pRK5 (10p.g/ml) 



-1 



9. 

io. ho 



pRKCRMA(10pg/ml) + pRK5(10p£/ml) 



2-1 (lOfig/ml) 



RIP-DN (10ng/ml) 



Add the DEVD-Fmk (200|iM) when the medium is changed at 5hrs. 
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Step i 

Step 2 
Step 3 



INCYTE construct 2-1 
Electroportate l,O0OK HeLa cells with 8u.g of gene X, 8u.g of gene pRK5, 
lul VARNA, and 4u,g of pRKCD4. 
Change medium after 4hrs. 
Express for 24hrs and harvest for FACS. 




A (+) pRKCD4 

B (-) pRKCD4 

C (+)pRK5 

D (+) pRK5 



(+)pRK5 
-apoptosis 

1 S h*0 /• pRK5(16u.g/ml) 

2 H^.l/ pRK5 (8u,g/ml) 

3 ~ 2-1 (8jj.g/ml) 

4 2-1 (8^g/ml) 

5 2-l(8ug/ml) 
■6131,17, 2-l(8jig/ml) 

7 2-l(8|ig/ml) 

Add DEVD 4hrs after electroporation 

8 q pRK5 (16|ig/ml) 

9 ^ t H-/ pRK5 (8 R g/ml) 

X\6S 



+Apo2 



+ 
+ 



+ 
+ 



PE 
PE 

FTTC + PE 
+ PTTC 



2-l(8 t ig/ml) 

CRMA(8u.g/ml) 
CRMA(8u,g/ml) 

HuFADD-DN(8jig/ml) 
HuFADD-DN(8jig^ml) 

Hu-RTP-DN(8jxg/ml) 



2-l(8ng/ml) 



H fox o.^<r - 



Witnessed St Understood by me. 


Date 


invented by 


Date 






Recorded by 





To Page No.. 



4 



Project No. ^ 

Book No. 27250 TITLE 



Step 1 Electroportate 1 

lu.1 VARNA, and 4p.g of pRKCD4. 
Sten2 Change medium after 4hrs. ^ A _ 0 

Step 3 Express for 24hrs and harvest for FACS 



INCYTE construct 2-1 
,000K HeLa ceUs with 8u.g of gene X, 8^g of gene pRK5, 



A 
B 
C 
D 

1 

2 

3 
4 

5 
6 



(+) pRKCD4 
(-) pRKCD4 
(+)pRK5 
(+)pRK5 



(+)pRK5 
-apoptosis 

pRK5 (16u.g/ml) 

pRK5 (8ug/ml) 

2-1 (8ng/ml) 
2-1 (8^g/ml) 

2-l(8ug/ml) 
2-l(8ng/ml) 



+Apo2 



+ 

+ 



+ 
+ 



PE 
PE 

FTTC + PE 
+ F1TC 



2-l(8jig/ml) 

CRMA(8u-g/ml) 
CRMA(8ug/ml) 

HuFADD-DN(8jxg/ml) 
HuFADD-DN(8u,g/ml) 



(0 



/i.?...i.LK 



Add DEVD 4hrs after electroporation (200fiM) 
7 pRK5 (Sag/ml) 2-l(8*ig/ml) 

g pRK5 (8u.g/ml) 



2-l(8jig/ml) 



Adc^VAD 4hrs after electroporation (200uM) 
9 pRK5(8^g/ml) 



10 



pRK5 (8u.g/ml) 



2-l(8ug/ml) 
2-l(8jig/ml) 



+DEVD 
+DEVD 

+YVAD 
+YVAD 



UAy^CM^f ; ¥^;druk.; la; JW£..5^^ 
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HeLa (03-21-97) 



HeLa (plated in HGDMEM) 



Dose response in the presence and absence of ALLN (inhibitor of DcB degradation) or 
cycloheximide. Plate -200K cells in 6 well plates on the previous night Cells will be 
pretreated with ALLN or cycloheximide for 1 hr prior to Apo2L. Cells will be incubated -\S> ' C ^> P "5 9 
with Apo2L for 5hrs prior to annexin staining. ' 

9:20AM pretreat 12 weUs +/- ALLN @ 40u.g/ml (1:1000) for lhr. 

10:20AM treat cells with each ligand @ 1 jig/ml. 



3:20PM Harvest and annexin stain (no PI). 



Apo2L 

1 #'1/tyc. 

2 'I* eye- 

4*?q frjL eye. 
5l«U%cyc. 

6 a*. (,<j?y°- 



+ NT 

+1:500 

+1:1000 

+1:2000 

+1:4000 

+1:8000 



TNP 

13 W%yc.+ NT 

14?*:r;&yc.+l:500 

1577X7^cyc.+l:1000 

16^./>^yc.+l:2000 

17?*#cyc.+l:4000 

18 & -^yc.+l:80O0 



7 

8 ?Q.3'/ 

9 fcS.JT'/, 

10H/./V., 

11 sw.r«/o 

12 /(7.0*/ 



NT 

1:500 

1:1000 

1:2000 

1:4000 

1:8000 



20 'S".C7'/ 
21 

22 /<?.<j«/. 

23 /o.<?y„ 



NT 

1:500 

1:1000 

1:2000 

1:4000 

1:8000 



TNF 

25 ALLN + NT ^ ^ . 

26 ALLN +1:500 5W- 
2in n ALLN +1 : 1000^/ 
28^ a 7ALLN +1:200039^/, 
29 7 *?#ALLN +I:4000ss3y 
30n.tj ALLN +1:8000^/ 

(2.5X ALLN) 

ALLN+NT HO"/* 
ALLN +1:500 ^W. 
ALLN +1: 1000 
ALLN +1:2000 2?-^ 
ALLN+1:4000»'.*tC 
ALLN +1:80005/.^ 



0- -J, — hJlf&S 



f 



51] 
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32 
33 
34 
35 
36 
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Step 1 

Step 2 
Step 3 

A 
B 
C 
D 

1 

2 

3 
4 

5 
6 



INCYTE construct 2- 1 
Electroportate 1,000K HeLa cells with 8[ig of gene X, 8ng of gene pRK5, 
lul VARNA, and 4u,g of pRKCD4. 
Change medium after 4hrs. 
Express for 24hrs and harvest for FACS. 



(+) pRKCD4 

<-) pRKCD4 (+)pRK5 
(+) pRK5 + pRKCD4 +Apo2 
(+) pRK5 -apoptosis 

pRK5(16jig/ml) II , 

pRK5 (8jig/ml) 3-°/° 

2-l(8|ig/ml) ' + 
2-1 (8jig/ml) H?,}*/* + 

2-l(8ng/ml) ffrlV* 



PE 
PE 

FTTC+PE 
+ FITC 



2-l(8fig/ml) 

CRMA(8fig/ml) 
CRMA(8u.g/ml) 



2-l(8fig/ml) ftj,^/, 
2-l(8!ig/ml) 3&$ c /. 



+ 
+ 



HuFADD-DN(8jig/ml) 
HuFADD-DN(8jig/ml) 

Hu-RIP-DN(8|ig/ml) 



! : i ; • . is 

. , ^ , ^ ....... , — , - - • 

; | i i L_ _ „L : 

: ; ; I i i . : 

| ! \ ' ; I \ 

%&~or>p $-10 • I 



Add DEVD 4hrs after electroporation (200fiM) 

8 pRK5 (8jig/ml) 2-l(8ng/ml) 

9 pRK5 (8(ig/ml) (CJ >0 y 2-l(8|ig/ml) 

Add YV AD 4hrs after electroporation (200(iM) 

pRK5 (8ng/ml) H**"/. 2-l(8jig/ml) 
pRK5 (8iAg/ml) q , . 2-l(8Mg/ml) 



if 



f 



+DEVD 
+DEVD 



+YVAD 
+YVAD 



4-4- 



' r r 
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Step 1 



Step 2 
Step 3 



LNCYTE construct 2-1 

Electroportate 1,000K HeLa cells with 8u,g of gene X, 8u.g of gene pRK5, 

lui VARNA, and 4u,g of pRKCD4. 

Change medium after 4hrs. 

Express for 24hrs and harvest for FACS. 



A 

C 
D 



(+) pRKCD4 
( 0 pRICCD4 



(+) pRKS 

(+) pRK5 + pRKCD4 +Apo2 
(+) pRK5 -apoptosis 



1 



2 

5 9^, 

6 Z^Vl 



H 



pRK5(16u.g/ml) 

pRK5 (8p.g/ml) 
pRK5 (8u.g/ml) 

2-l(8|ig/ml) 
2-l(8ng/ml) 
2-l(8ng/ml) 

2-l(8^g/ml) 
2-l(8|ig/ml) 



+ 
+ 
+ 

+ 
+ 



PE 

PE- 

FTTC + PE 
+ FITC 



2-l(8|Lig/ml) 
2-l(8ug/ml) 

HuFADD-DN(8y.g/ml) 
HuFADD-DN(8u,g/rnl) 
HuFADD-DN(8u,g/ml) 

Hu-RIP-DN(8fig/ml) 
Hu-RIP-DN(8u,g/ml) 



7/4^ r ( ~ 



MM 



• 3 i s 'i j 




Notes on Trevigen DNA Ladder Kits 



_ Thick Agarose Gel-you must use at least 75mls i 
agarsose gel (0.9cm). Dm,s 1 



in pouring your mini 

-use 1ftg of DNA in your reactions, 
-use 1 .5% Trevicil agarose. 

-run 3hrs at 75Volts (cut off the gel below the bromophenol blue), 
-do not fix the gel, rinse 5min in TAE buffer and dry 2hrs at 60-C. 
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293 cells 03/24/97 



1000K cells for DNA Ladder 



1. pRKi (20pg/ml) 

2. 2-l(10^g/ml) + pRK5(10^g/ml) 

3. 2-1 (lOfigfal) + CRMA (lO^ig/ml) 

4. 2-1 (10|igtaal) + HuTRADD-DN (lOjig/ml) 

5. 2-1 (lOjig/ml) + HuTRAF2-DN(10jig/ml) 

6. 2-1 (lOjig/ml) + HuFADD-DN (lOfig/ml) 

7. 2-1 (lOfig/ml) + MuFADD-DN (lOpg/ml) 

8. 2-l(10Mg/rol) + pRK5 (lOfig/ml) + DEVD-Fmk 

9. 2-l(10ng/ml) + pRK5(10^g/ml) + YVAD-Fmk 

10. 2-1 (10ng/ml) + RIP-DN(10jig/ml) 
Add the DEVD-Fmk (200^M) at4tibv Qftfl , 

\ Wits H\(\ 



Sr.?; 




A, 



V 1 

0 V. 
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Data 03-25-97 



p. 



o.-iaT.; : 15. , 

.0,3-$$.'.. 31 aY* 

1.0 Si\0# : 


















5,H>/. 


,0.5" 









Tue, 





1 


2 


3 


4 


5 


a2L Concentrat 


Apo2L aione 


Column 3 


+ ALLN 


■ Cycloheximid* 


1 


0 


0.06 




0.048 


0.064 


2 


0.0625 


0.074 




0.174 


0.896 


3 


Q.125 


0.197 




0.344 


0.946 


4 


0.25 


0.311 




0.512 


0.947 


5 


0.5 


0.432 




0.64 


0.929 


6 


1 


0.53 


j 0.803 


0.35 
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HeLa Apo2L Dose Response 




Apo2L alone 
+ ALLN 

+ Cycloheximide 



0.01 0.1 

Apo2L Concentration (jig/ml) 



u.j.:.:-:i 



HeLa TNF Dose Response 




TNF alone 
+ ALLN 

+ Cycloheximide 



TNF Concentration (jig/ml) 
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Step 1 Electroportate 1,000K HeLa cells with 8[ig of gene X, 8|ig of gene pRK5, 

lpl VARNA, and 4[ig of pRKCD4. 
Step 2 Change medium after 4hrs. 

Step 3 Express for 24hrs and harvest for FACS. 



-■ 


A 
B 


(■+") nRKCD4 
(-) pRKCD4 


(+)pRK5 




PE 
PE 


• 




C 


(+) pRK5 + pRKCD4 


+Apo2 

-apujJlUblo 


FITC + PE 
+ FITC 







l 


2-l(4[ig/ml) 


HuFADD-DN(12[ig/ml) 




pRK5(0fig/ml) 


~ -f — , - 




2 


2-l(4ng/ml) 


HuFADD-DN(8ng/ml) 


+ 


pRK5(4jig/ml) 






3 


2-l(4ng/ml) 


HuFADD-DN(4fig/ml) 


+ 


pRK5(8^g/ml) 


— 




4 






+ 


pRK5(12jig/ml) 




. to,> : l< 


5 


pRK5(4ng/ml) 


HuFADD-DN(12ji.g/ml) 


+ 


pRK5(0ng/ml) 




io;K?t - 


6 


pRK5(4[ig/ml) 


HuFADD-DN(8(ig/ml) 


+ 


pRK5(4fig/ml) --| 




7 


pRK5(4 f ig/ml) 


HuFADD-DN(4jig/ml) 


+ 


pRK5(8*ig/ml) 




8 


pRK5(4ng/ml) 


HuFADD-DN(0[ig/ml) 


+ 


pRK5(12ng/ml) j 



-10, -Q-Hlk - . ,- : ■ - 
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Step 1 

Step 2 
Step 3 

A 
B 
C 
D 



INCYTE construct 2-1 
Electroportate 1,000K HeLa cells with 8*ig of gene X, 8u.g of gene pRK5, 
lul VARNA, and 4u£ of pRKCD4. 
Change medium after 4hrs. 
Express for 24hrs and harvest for FACS. 



(+) pRKCD4 

(-) pRKCD4 (+) pRK5 

(+) pRK5 + pRKCD4 +Apo2 
(+) pRK5 



1 \\s»A 

3 ^.r/fl 

4 ZH.dfc 

5 Ti>W- 

7 3^ si 

8 
9 

10 ^.9/ 

2-l(8u£/ml) 



pRK5(16u£/ml) 

2-1 (8u.g/ml) 
2-1 (8ng/ml) 
2-1 (8u.g/ml) 
2-1 (8ug/ml) 
2-1 (8u.g/ml) 

2-1 (8u^ml) 
2-1 (8jig/ml) 
2-1 (8u-g/ml) 
2-1 (Sag/ml) 



+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 



PE 
PE 

FTTC + PE 
+ FITC 



HuFADD-DN (8ug/ml) 
HuFADD-DN (8 fig/ml) 
HuFADD-DN (8u^/ml) 
HuFADD-DN (8ug/ml) 
HuFADD-DN (8jig/ml) 

pRK5 (8u-g/ml) * 
pRK5 (8jig/ml) 
pRK5 (8jxg/ml) 
pRK5 (8jig/ml) 
pRK5 (8ug/ml) 
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-f-f ■ »U i t 2.0 



pRK5 


DRK5 + 2-1 


nilrAUU-UN+^ 


9.4 


29.8 




11.6 


28.6 


20.3 


8.6 


43.9 


14.9 


9.7 


35.4 


15.7 


14.1 


43.1 


28.9 


13 


29.2 


30.4 


11.5 


31.9 


32.1 




33.4 


22.0 




36.5 


25.7 




38.4 


26.7 




41.7 


20.6 




36.0 


20.4 




36.3 


24.2 




±s>\ 


24.7 




25.3 






33. 


MuFADD-DN + 2-1 


HuTRADD-DN+2-1 


37.1 




41.0 


40.7 




40.0 



^VAD + 2-1 



9.3 
11.5 

\O.D ± l± 
DEVD + 2-1 

14.4 
17.2 
19.0 

\lc^ ±3,3 



HUTRAF2-DN+2-1 
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04-23-97 



Plated HeLa cells (10mMEDTA) @ 100K cells/well in 12 well dishes previous 
evening. 

XkU pre-incubate the Apo2L (make a 1(ig/ml stock using 3.3 |il in 3 ml) +/- 
ECD (100nM) and +/- FLAG MAb (1jig/(il-dilute to 1ng/(il by adding 5fil to 10|il 



medium) for 1 hr. 



|l '.So-* M-'So 



7L 



* Pre-incubate the cells in cycloheximide 1 hr at 50u,g/ml. 

1 ^'?0.5 jig/ml 
0.3|ig/ml 



Apo2L + 
Apo2L + 
+ 



Tris Buffer (50^1) 
Tris Buffer (50^1) 
Tris Buffer (50^1) 



+ Anti-Flag Mab (1fig/ml) 
+ Anti-Flag Mab (1jig/ml) 
+ Anti-Flag Mab (1 iig/ml) 



\4r 



05 jig/ml 
5 tt«^0.3^g/ml 
6iLi NT « 



Apo2L + 
Apo2L + 
+ 



ECD (50|xl) + Anti-Flag Mab (1 jig/ml) 
ECD (50jil) + Anti-Flag Mab (1 jig/ml) 
ECD (50jil) + Anti-Flag Mab (1 jig/ml) . 



of 



Ai. a CM 3.4 <3 9- 

i ; i ; j i f 



As 



*Preincubate and include cycloheximide 

.03 ng/ml Apo2L + 
81^, ^0.01 u.g/m! Apo2L + 
9 |S|0 NT 



Tris Buffer (50pJ) 
Tris Buffer (50^1) 
Tris Buffer (50pJ) 



0 f (fOb Pl^TftPT) 



+ Anti-Flag Mab (1u.g/ml) 
+ Anti-Flag Mab (1u.g/ml) 
+ Anti-Flag Mab (1u.g/ml) 



^^j^q^ H$x2oo^ 



10 l ' l/ 0.03M.g/ml Apo2L + 
11\Vf0.01 u.g/ml Apo2L + 
12^..^NT + 



ECD (50nJ) + Anti-Flag Mab (1 ^ig/ml) 
ECD (50^1) + Anti-Flag Mab (1*ig/ml) 
ECD (50^1) + Anti-Flag Mab (1 jig/ml) 



Kodak Anti-Rag M2 Mab 3|ig/nJ stock. 
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HeLa (plated in HGDMEM) 

_ Dose response in the presence and absence of ALLN (inhibitor of BdB degradation) or 
cycloheximide. Plate -200K cells in 6 well plates on the previous night Cells will be 

_ pretrealed with ALLN or cycloheximide for 1 hr prior to Apo2L. Cells will be incubated 
with Apo2L for 5hrs prior to annexin staining. 

8:00AM pietreat 12 wells -+7- ALLN @ 40jig/ml (1: 1000) for lhr. 

9:00AM treat cells with each ligand @\ug/ml. A <T /L ( $ 

2:00PM Harvest and annexin stain (no PI). 



1 
2 
3 

4 

5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 
17 
18 



NT 
NT 
NT 



ALLN + NT 
ALLN -f NT 
ALLN + NT 



8.°/. 



eye .4=' NT 
cyc.+ NT 
cyc.+ NT 

ApoZL ftig/ml 
Apo2L wig/ml 
Apo2L fyig/ml . > 

cyc.+ Apo2L lWml 
cyc.+ Apo2L 1 ig/ml 
cyc.+ Apo2L l|ig/ml 

ALLN + Apo2L ]jng/ml 
ALLN + Apo2L lLg/ml 
ALLN + Apo2L lUg/ml 
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Plated HeLa cells (10mMEDTA) @ 250Kcells/well in 12 well dishes previous 
evening. Preincubate the Apo2L (0.55|il/0.5ml) +/-Apo2 Fc for 1hr. 



1 A Apo2L (1 (ig/ml) + Fc (27fig/mi) 

2 Apo2L (1 jig/ml) + Fc (9ng/ml) 

3 c Apo2L (1 jig/ml) + Fc (3p.g/ml) 

4 t> Apo2L (1 jig/ml) + Fc (1 |xg/ml) 

5 C" Apo2L (1 jig/ml) + Fc (.33ng/ml) 

6 Gr Apo2L (1 ng/ml) + Fc (.1 1 jig/ml) 

7 >r\ Apo2L (1 ng/ml) + Fc (.037>ig/ml) 
8*3 Apo2L (1 ng/ml) + Fc (.01 2fig/ml) 
9 VL Apo2L (1 jig/ml) + Fc (.004jig/ml) 

1 O 1 ^ Apo2L (1 ng/ml) + Fc (.001 4jig/ml) 

1 1 ^ Apo2L (1 jig/ml) + Fc (.0004^ig/ml) 

1 2 N Apo2L (1 jig/ml) + medium 
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Plated HeU cells (1 OmMEDTA) @ 150K, 200K, 250K, and 300K cells/well in 12 
well dishes previous evening. The size of Apo2 is ~44Kd and the Fc should be 
about 1 0OKd, therefore use a 1 :4 mass to mass ratio. 

9AM pre-incubate the Apo2L (make a 1jig/ml stock using 3.3 ji! in 3 ml) +/- 
IgG/Fc (2jig/ml) for 1 hr. Make a 0.25 jxg/jiJ stock of Apo2 Fc by diluting in 
medium and use 5jil/ well. ( f rt 

1 

2 
3 



4 

5 
6 

7 
8 
9 



10 
11 

12 

13 
14 
15 



Apo2L (0.5 ng/ml) fc 
Apo2L (0.5 fig/ml) SM ^ ^ 
Apo2L (0.5 jig/ml) S3 * M ^ 

(20 iig/ml) Apo2L Fc (stock is 2.7 mg/ml) 

Apo2L (0.5 u.g/ml) +Apo2 Fc (3.7pJ) jo* 3 
Apo2L (0.5 ug/ml) +Apo2 Fc (3.7^il) 
Apo2L (0.5 u.g/ml) +Apo2 Fc (3.7^1) 



: 5>M€Qi 



1: 30-^6:3^7 



NT 
NT 
NT 



Apo2 Fc (3.7jil) & Z p /o 



Apo2 Fc (3.7fil) 
Apo2 Fc (3.7nJ) 



20 |ig/m! TNF IgG (dilute 1:10 Scot's 20 jig/uJ stock in medium) 

Apo2L (0.5 fig/ml) +TNFR1 IgG (5|i!) fo-ty 

Apo2L (0.5 ^ig/ml) +TNFR1 IgG (5jil) G?^ / c 

Apo2L (0.5 jig/ml) +TNFR1 IgG (5jil) 6S"« 3 ^ 

NT + TNFR1 IgG (5jii) '0- 8 9^ 

NT + TNFR1 IgG (5jiJ) tO.0% 

NT + TNFR1 IgG (5jil) fO. 1%, 



.. l ; 



« III. DR4FC 



16 
17 
18 

19 

20 
21 



Apo2L (0.5 jig/ml)+DR4Fc (50^1) 2) 
Apo2L (0.5 jig/ml) +DR4 Fc (3ljil) ^9 
Apo2L (0.5 jig/ml) +DR4 Fc RftiJ) >T 

NT + DR4Fc(5ff^).^ 



NT 
NT 



+ 
+ 



DR4 Fc (50nl) >C.,|;fy,....., 



DR4 Fc (58mI) 



\.^OJ^J^^& J I 
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HeLa (plated in HGDMEM) 



Dose response in the presence and absence of ALLN (inhibitor of DcB degradation) or 

cycioheximide. Plate -200K cells in 6 well plates on the previous night Cells will be 

predated witfi ALLN or cycioheximide for 1 hr prior to Apo2L. Cells will be incubated c luu^n 1 

with Apo2L for 5hrspnor to annexin staining. Vft^tfV? >V> 

8:00AM pretreat 12 wells +/- ALLN @ 40ug/ml (1: 1000) for lhr 
-^iao 

9XjaAM treat cells with each ligand @ Otfug/rnl and 0.25u.g/ml 



2j^PM Harvest and annexin stain (no PI). 



1 

2 

3 

4 

5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 
17 
18 



NT 

NT 5*1°/°, 

NT 

ALLN + NT fe> 7 

ALLN + NT 

ALLN + NT 1.9>% 



6.s = 



cyc.+ NT 
cyc.+ NT 
cyc.+ NT 



'My. 



Apo2L fug/ml 24-9-°/ 
Apo2L^g/ml 2<? . H a /> 
Apo2L fug/ml 

cyc.+ Apo2L "^ig/ml * ^ 
cyc.+ Apo2L ^u.g/ml ^ 9 1 • ^ c /° 
cyc.+ Apo2L^g/ml 7^ • 3> 



ALLN + Apo2L\fng/ml ^^°/- 
ALLN + Apo2L^ug/ml 4o-?"p/ 
ALLN + Apo2L>^ig/ml SS\ 3 °/ 
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Plated HeLa cells (10mMEDTA) <2> 250Kcells/well in 12 well dishes 
evening. Preincubate the Apo2L (1 .1 fxl/Olftnl) +/-Apo2 Fc for 1hr. 

I. Apo2 Fc 



previous 



1 Apo2L (1 jig/ml) + Fc (27*ig/ml) 

2 Apo2L (1|ig/ml) + Fc (9|ig/ml) 

3 Apo2L (1 jig/ml) + Fc (3iig/ml) 

4 Apo2L (1 jig/ml) + Fc (1 fig/ml) 

5 Apo2L (1ug/ml) + Fc (.33fig/ml) 

6 Apo2L (1 jig/ml) + Fc (.1 1 jig/ml) 

7 Apo2L (Ijig/ml) + Fc (.037us/ml) 

8 Apo2L (1 jig/ml) + Fc (.01 2ug/ml) 

9 Apo2L (1*tg/ml) + Fc (.004ng/ml) 

10 Apo2L (1pg/ml) + Fc (.0014jig/ml) 

1 1 Apo2L (1 u.g/ml) + Fc (.0004jig/ml) 

12 Apo2L (1ng/m!) + medium 





1— 



II. DR4 Fc 

13 Apo2L (1 jig/ml) + Fc (27ng/ml) 

1 4 Apo2L (1 iig/ml) + Fc (9|ig/ml) 

15 Apo2L (1 »ig/ml) + Fc (3|ig/ml) 

1 6 Apo2L (1 jig/ml) + Fc (1 jig/ml) 

1 7 Apo2L (1 ug/ml) + Fc (.33jig/ml) 

- 1 8 Apo2L (1|ig/mi) + Fc (.1 l^ig/ml) 

1 9 Apo2L (1 ng/ml) + Fc (.037ug/ml) 

20 Apo2L (1 jig/ml) + Fc (.01 2ng/ml) 

- 21 Apo2L (1jig/ml) + Fc (.004jig/ml) 
22 Apo2L (1 jig/ml) + Fc (.001 4u.g/ml) 

- 23 Apo2L (1 jig/ml) + Fc (.0004jig/ml) 
24 Apo2L (1|ig/m I) + medium 

HI. TNF R1 IgG (p'tlXHS* l M ° / 

.^^ba Apo2L(1oo/ml) + Fc(27ug/ml) 



Hi 




iV^^M^ 4^L_ 




— .- — 

i 



I : ■ j : _ 



L 



1^ Apo2L(1^g/ml) 

- 1* Apo2L(1|ig/ml) 
Apo2L (1fig/ml) 

T7 Apo2L (1|ig/ml) 

t8- Apo2L(1jig/ml) 

*■$ Apo2L(1u.g/ml) 

26 Apo2L(1jig/ml) 

^1 Apo2L(1jig/ml) 

22 Apo2L(1jig/mI) 

2ji Apo2L(1jig/ml) 

)C 7A Apo2L(1|ig/mI) 



i 



+ Fc (9jig/ml) 
+ Fc (3jig/ml) 
+ Fc (1jig/ml) 
+ Fc (.33jig/ml) 
+ Fc(.11jig/ml) 
+ Fc (.037jig/ml) 
+ Fc (.012|ig/ml) 
+ Fc (.004|ig/ml) 
+ Fc(.0014jig/ml) 
+ Fc (.0004^g/ml) 
+ medium 
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Session Name: ruby 1 




Msssage 1: p c J IT'S & ^ 

Fron daemon ^^^^^^^^M IW ^ 0 £> ^ 



Date: J^^^^^^^^^^^^^^^^^^^^^^g ^ 0* 1 

From: rhserver (^tooliJc . Stanford . EDU (Radiation Hybrid Mapping Email Server at SHG 
C) 

To: sam@gene.OCM 

Subject: rhserver @shgc : completed two point calculations 



This email message has been sent automatically by 
rhserver@shgc.stanford.edu in response to your submission: 

messagelD : ^^^^^^^f- QAA25204 . 
reference: dd.2 

The following information contains the SHGC framework marker which 
best links with your marker with a LCD score of 6 or greater. Note that 
if you want to consider LCD scores lower than 6 , you must provide a 
chromosomal assignment for your marker. 

The results of this query are designed to be used in conjunction 
with the G3 maps found on the SHGC web page. Please visit our 
RHMapping section at http://www-shgc. Stanford. edu/riyfraines/engine.html 
and query with the name of the linked marker for information about 
map position and other markers in the area. 

For reference, your original email submission is appended to these results. 

Disclaimer: Neither the Stanford Human Genome Center nor Stanford 
University make any claims about veracity or suitability of these 
results. This information is provided on an as -is basis only. 



Two Point Maximum Likelihood Analysis results for submitted marker dd.2. 
The raw scoring data was: 

00000000000000000000000100100000010000011010011000100010000R00000100000000001000 
000 

The calculation results were: 

submitted marker linked marker LCD cRJLOOOO chrom 



Reporting best lod >= 6.0 

dd.2 D8S481 11.054567 9.90 



Original submission: 
>From nobody flfijS^S 



Session Name: ruby 1 



Page 2 



>Return-Path: <nobody> 

>Received: by shgc.Stanford.EDU (8.7.4/inc-1.0 



>Date: ^ g^^ ^^^^^ffl 

>From: nobod^(ui^|^ba^ 
>lyfessage-Id :^^^^^^^^|0AA2! 

>To: rhserver@shgc.stanford.edu 

>Subject: submission 

> 



>rh_name: dd.2 

>rhjscore: 000000000000000000000001001000000100000U010011000100010000R000001000 
00000001000000 

>// 



> 




>// 

>exp_text: dd.2 
>// 



>contact_email : sam@gene . com 
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USER: 9 ID:32P PRESET TIME: 1.00 

SAMPLE REPEAT: 1 CYCLE REPEAT: 1 SCRsN RS232:N 
H#: 0 AQC: N QCF: N RCM:N 

CHANNEL 1-LL: 0 ULs 1000 2SIGMA: 2.00 BKG SUB: 0.00 BKG 2SIGs 0.00 LSRs 
DATA CALC: CPM, UNKNOWN REPLICATES: 1 NORM FACTOR: Q 1.00000 
HALF LIFE (DAYS) :N 

SAM POS CH CPM 2SIG C /1 TIME EL TIME 

1 **- 1 1 1,395080.00 0.76 0.05 0.24 
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USER: 9 ID:32P PRESET TIME: 1.00 ' 

SAMPLE REPEAT: 1 CYCLE REPEAT : 1 SCR:N RS2^2:N 

-H#: 0 AQC : N QCF: N RCM: N 
CHANNEL i-LLs 0 UL: 1000 2SIGMA: 2.00 BKG SUB- O 00 
DATtt CALC: CPM, UNKNOWN REPLICATES: 1 NORM FACTOR- O 

-HALF LIFE (DAYS) : N r ACTOR. Q 

"SAM PUS CH CPM 2SIG% TIME EL TIME 

_ 1 **- 1 1 1700940.00 0.69 0.05 0.24 
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To harvest cells under nondenaturing conditions: remove media and rinse 
cells once with Ice-cold PBS. 

Remove PBS and add 1.0 ml ice-cold 1X Cell Lysis Buffer plus 1 mM PMSF 
to one 10 cm plate and incubate the plate on icfrfor 5 minutes. 

Scrape cells off the plate, transfer ic microcentrifuge tubes. Keep on ice. 

Sonicate 4 times for 5 seconds each on ice. 

Microcentrifuge for 10 minutes at 4°C, and transfer the supernatant to the 
new tube. The supernatant is the cell lysate; if necessary lysate can be 
stored at -80°C. 
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ull Down" SAP Kinase Using c-Jun Fusion Protein: 
To 250 Ml of cell lysate add 2 jig of c-Jun fusion protein beads. Incubate 
with gentle rocking overnight at 4°C. /* <^~i /ai / 




2. ^o^rifugefor 30 seconds at 4°C. Wash pellet twice with 500 pi oTTC — 
Lysis Buffer and twice with 500 pi of 1X Kinase Buffer. Keep on ice 

Kinase Assay: 

1. Suspend pellet in 50 jd 1X Kinase Buffer suplemented with 100 pM ATP. 

2. Incubate 30 minutes at 30°C. 

3. Terminate reaction with 25 mI 3X SDS Sample Buffer. 

4. Boil the sample for 5 minutes, microcentrifuge for 2 minutes. 

5. Load the sample (20 pi) on SDS-PAGE gel. 

SH! by h westem r btom 9 (see Western Immunoblotting protocol) 
Probe with Phospho-speclfic-c-Jun antibody (1:1000 dilution). 

We:tern ImmuncjioHint: 

Membrane blocking & Antibody Incubations- 

1 ' L?SpeS nSfer ' ^ membrane Wfth 25 m ' TBS ,0r 5 minutes at 



.'< rjUe membrane in ^5 ml of Blocking Buffer for 1-3 hours at room 
".j.r.psrature or overnight at 4°C. 

' L°mi "j ary antlbody {at the a PP™Prate dilution) in 

a ml Pnmary Antibody Dilution Buffer wj, gentle agitation overnight at 
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USER 2 1 ID:32P 
PRESET TIME: 2-00 
PRINTERS STD 
RS232: OFF 

ISOTOPE i: 32P 



COMMENTS: 32P ' 
H#s NO SAMPLE REPEATS: 1 - 

SCR: NO REPLICATES: 1 
RCM: YES MULT I PL I ER s 1 - 0000 



SAM POS 
NO 

i i-i 



TIME 
MIN 



TERROR 2 0 - 00 BkG - SUB s 

3 SF" „ RCM E'r""? 
CRM "/-ERROR , 



2.00 97819.54 0.45 0-01 
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Message 3 : 
Prom daemon 




Date: | 



Fran: rhserver(§toolik . Stanford . ECU (Radiation Hybrid Mapping Email Server at SHG 
C) 

To: sam@gene.CCM 

Subject: rhservertehgc : completed two point calculations 

This email message has been sent automatically by 
rhserver (5shgc.stanford.edu in response to your submission: 

messagelD: ^^^^t^^^^^OAA25204 . 

reference : dd . 2 

The following information contains the SHGC framework marker which 
best links with your marker with a LCD score of 6 or greater. Note that 
if you want to consider LCD scores lower than you must provide a 
chromosomal assignment for your marker. 

The results of this query are designed to be used in conjunction 
with the G3 maps found on the SHGC web page. Please visit our 
RHMapping section at http://www- shgc.stanford.edu/rh/frames/engine. html 
and query with the name of the linked marker for information about 
map position and other markers in the area. 

For reference, your original email submission is appended to these, results . 

Disclaimer: Neither the Stanford Human Genome Center nor Stanford 
University make any claims about veracity or suitability of these 
results. This information is provided on an as -is basis only. 

Two Point Maximum Likelihood Analysis results for submitted marker dd.2. 
The raw scoring data was: 

00000000000000000000000100100000010000011010011000100010000R00000100000000001000 
000 

The calculation results were: 

submitted marker linked marker LCD cR__10Q00 chrom 



Reporting best lod >= 6.0 



dd.2 



D8S481 



11.054567 



9.90 



8 



Original submission: 
>From nobody ^| 
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IV. Sample Preparation 



Note- Thoroughly mix the the PCR Praps DNA Purification Resin before removing an aliquot. II 
crystals or aggregates are present, dissolve by warming the resin to 2S-37-C lor 10 minutes. The 
n ilself is insoluble. Cool lo 3Q'C before use. 



Purification of DNA from Agarose 

Purity PCR products using agarose gel electrophoresis if nonspecific amplification products 
musl be removed. 

1 . Separate the PCR reaction products by electrophoresis in a TAE agarose gel containing 
elh'idium bromide using standard protocols (2). 

Note: We do not recommend the use ol TBE-eontaining gels with Wizard'- PCR Preps 

2. Excise the desired DNA band using a dean, sterile razor blade or scalpel. 

Note: The band should be visualized with a medium or long wavelength (e.g., i300nm) 
UV light, and should be excised quickly to minimize exposure ol the DNA to UV light. The 
band should be isolated m approximately 300uJ (300mg) of agarose. For Isolation from 
larger agarose slices, see reference 3. 

3. For hlgh-mettlng temperature agarose, use Step 3 J. For low-metllng temperature 
agarose, use Step 3.b. 

a. Hlgh-meltlng temperature agarose: Transfer the 300p! (300mg) agarose slice lo a 
1 .5ml microcentrifuge or screw cap tube and add 1 ml of resin. Incubate at 
approximately 65*C In a waterbath lor 5 minutes or until the agarose is completely 
melted. Proceed directly to Step 5. 

b Low-melting temperature agarose: Transfer the 30Oul (300mg) agarose slice to a 
t.5ml microcentrifuge tube and incubate the sample at 7Q*C until the agarose is 
completely melted. Proceed directty to Step 4. 

4. Add 1 ml of resin to the melted agarose slice. Mix thoroughly for 20 seconds but do not 
vortex. 

5. II you plan on using a vacuum manifold, proceed to Section V. Otherwise, proceed to 
Section VI. 

}. Sample Preparation lor Direct Purification from PCR Reactions 

1 For each completed PCR reaction, transfer the aqueous (lower) phase to a clean 

microcentrifuge tube. The presence of too much mineral oil m the sample can lead to a 
decreased yield in the PCR product purification. 

2. Aliquot 100uI of Direct Purification Buffer into a 12 x 75mm polypropylene lube or a l.Sml 
microcentrifuge tube. Add 30-300ul of the PCR reaction. Vortex briefly to mix. 



a one minute period. 



3. Add tml ol resin and vortex briefly 3 times over a o 

4. .1 you plan on using a vacuum manifold, proceed to Secfion V. Otherwise, proceed to 
Section VI. 

PCR Product Purification Using a Vacuum Manifold 
A. Procedure 

Reagents to Be Supplied by the User 

. BO% isopropanol (2-propanol. reagent grade) 

• dH 2 0 or TE butter 

Multiple Wizard- PCR Preps can be easily processed simultaneously with Promega's Vac- 
Man® Laboratory Vacuum Manifold (CaU A7231,. 

Note: Work quickly when purifying from low melting temperalure agarose since re-gelling of 
this material will decrease yields. 

1 For each PCR product, prepare one Wizard™ Minicolumn. 

4 To wash the column, add 2ml of 80% Isopropanol to the Syringe Barrel, and re-apply a 
' vacuum to draw the solution through the Minicolumn. 

Cereriluge ft. MinlcoU^. .. 10.000 « 9 in a ■*»*.«*■• •« 2 "*« 10 ""*""" 
residual Isoprapanol 

bound DNA fragment 

fragments >20W> at 80"C. 
7 Remove and discard the Mlr^iumn. The purified DNA may be stored in the 
microcentrifuge tube at 4'C or-arC. 
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USER: 8 ID:32P PRESET TIME: 1.00 

SAMPLE REPEAT : 1 CYCLE REPEAT : 1 SCR:N RS232:N 
H#: 0 AQC: N QCF : N RCM : N 

CHANNEL. 1-LL: 0 UL: 1000 2SI6MA: 2.00 BKG SUB: 0.- 
DATA CALC: UPM, UNKNOWN REPLICATES: 1 NORM FACTOf 
HALF LIFE (DAYS) :N 

SAM POS CH CPM 2SIBX TIME EL TIME 

1 **- 1 1 363840.00 0.96 0.05 0.23 
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Specif 


pcr.nik.1 
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GCT CTG TGT TTG GTC TCT CTC AGG 






24 mer 










pcr.nik.3 
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CCA CAC CTG GAG CCC AGC TGC CTG 






24 mer 










pcr.nik.3 


1 


CCA CAC CTG GAG CCC AGC TGC CTG 






24 mer 










pcr.nik.2 
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CGT GCT GCC CAG GTC TTG GCC AGG 






24 mer 











1 CGA GCA GGA AGG CTG GCT TTC CGG 



24 mer 
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REQUESTOR 
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cost center phone lab# project # 
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required date 
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FRAGMENTS 
Fragment name 
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Sequence 


Special Instructions 




TNFR2rp.lgG 


1 


GCA TGT GTG AGT TTT GTC GTG CAC AGG GAG GAA GCG 




DNA 


36 mer 






reference: 
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GTTTTGTCGTGCACAG 




DNA 


16 mer 
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HVEM.IgG 
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GCA TGT GTG AGT TTT GTC CCC AGC TCC GGC CTT CGT 




DNA 


36 mer 
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GTTTTG TCC CCA GCT C 




DNA 


16 mer 






reference: 
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Printed by: Maya Skubatch <skubatch> 

Page #1 

Date: Mon, 5 May 1997 11:46:58 -0700 (PDT) 

From: rhserver@toolik.Stanford.EDU (Radiation Hybrid Mapping Bnail Server at SHGC) 
To: skubatch@gene,COM 

Subject: rhserver@shgc: completed two point calculations 



This email message has been sent automatically by 
rhserver@shgc.stanford.edu in response to your submission: 

messagelD: 199705051846 .LAA21872 . 

The following information contains the SHGC framework marker which 
best links with your marker with a L0D score of 6 or greater. Note that 
if you want to consider L0D scores lower than 6, you must provide a 
chromosomal assignment for your marker. 

The results of this query are designed to be used in conjunction 
with the G3 maps found on the SHGC web page. Please visit our 
RHMapping section at http://www-shgc.stanford.edu/rh/frames/engine.html 
and query with the name of the linked marker for information about 
map position and other markers in the area. 

For reference, your original email submission is appended to these results. 

Disclaimer: Neither the Stanford Human Genome Center nor Stanford 
University make any claims about veracity or suitability of these 
results. This information is provided on an as- is basis only. 

Two Point Maximum Likelihood Analysis results for submitted marker DR-4. 
The raw scoring data was: 

00000000000000000000000100000000010000011010011000100010000100010101000000001000 
000 

The calculation results were: 

submitted marker linked marker LOD cR_10000 chrom 



Reporting best lod 6.0 

D8S2127 13.003830 4.65 8 



Original submission : 

>From nobody Mon May 5 11:46:29 1997 
>Return - Path : <nobody> 

>Received: by shgc.Stanford.EDU (8 . 7 . 4/inc-l . 0) 
> id LAA21872; Mon, 5 May 1997 11:46:28 -0700 (PDT) 
>Date: Mon, 5 May 1997 11:46:28 -0700 (PDT) 
>From: nobody (uid no body) 

>Message-Id: <199705051846 .LAA21872<ashgc. Stanford .EDU> 
>To : rhserver @shgc . Stanford . edu 
>Subject: submission 
> 

>// 

>contact_email : skubatch@gene . com 
>rh_name: DR-4 

>rh_score: 00000 00000 00000 00000 00010 00000 00010 00001 10100 11000 10001 00001 00010 10100 00000 01000 
000 
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dd.probe 
70 mer 
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10 

Apo-2 Receptor 

15 

FIELD OF THE INVENTION 
The present invention relates 
identification, isolation, and recombinant 
20 polypeptides, designated herein as "Apo-2". 

BACKGROUND OF THE INVENTION 
Apoptosis or "Programmed Cell Death" 
^ Control of cell numbers in mammals . is believed to be 

D 25 determined, in part, by a balance between cell proliferation and cell 
2j death. One form of cell death, sometimes referred to as necrotic cell 

— : — 

4 death, is typically characterized as a pathologic form of cell death 

H resulting from some trauma or cellular injury. In contrast, there is 

*B another, "physiologic" form of cell death which usually proceeds in an 

q 30 orderly or controlled manner. This orderly or controlled form of cell 
PJ death is often referred to as "apoptosis" [see, e.g., Barr et al., 

0 Bio/Technology, 12:487-493 (1994); Steller et al . , Science , 267:1445- 

1449 (1995)]. Apoptotic cell death naturally occurs in many 
gj physiological processes, including embryonic development and clonal 

35 selection in the immune system [Itoh et al., Cell , 66:233-243 (1991)]. 
Decreased levels of apoptotic cell death have been associated with a 
variety of pathological conditions, including cancer, lupus, and herpes 
virus infection [Thompson, Science , 267:1456-1462 (1995)]. Increased 
levels of apoptotic cell death may be associated with a variety of other 
40 pathological conditions, including AIDS, Alzheimer's disease, 
Parkinson ! s disease, amyotrophic lateral sclerosis, multiple sclerosis, 
retinitis pigmentosa, cerebellar degeneration, aplastic anemia, 
myocardial infarction, stroke, reperfusion injury, and toxin- induced 
liver disease [see, Thompson, supra] . 
45 Apoptotic cell death is typically accompanied by one or more 

characteristic morphological and biochemical changes in cells, such as 



generally to the 
production of novel 
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5 condensation of cytoplasm, loss of plasma membrane microvilli, 
segmentation of the nucleus, degradation of chromosomal DNA or loss of 
mitochondrial function, A variety of extrinsic and intrinsic signals 
are believed to trigger or induce such morphological and biochemical 
cellular changes [Raff, Nature, 356:397-400 (1992); Steller, supra ; 
10 Sachs et al., Blood , 82:15 (1993)]. For instance, they can be triggered 
by hormonal stimuli, such as glucocorticoid hormones for immature 
thymocytes, as well as withdrawal of certain growth factors [Watanabe- 
Fukunaga et al., Nature , 356:314-317 (1992)]. Also, some identified 
oncogenes such as myc, rel, and E1A, and tumor suppressors, like p53, 
15 have been reported to have a role in inducing apoptosis. Certain 
chemotherapy drugs and some forms of radiation have likewise been 
observed to have apoptosis -inducing activity [Thompson, supra ] . 

TNF Family of Cytokines 
Various molecules, such as tumor necrosis factor-a ("TNF -a"), 
20 tumor necrosis factor-P ("TNF-p" or "lymphotoxin" ) , CD30 ligand, CD27 
ligand, CD40 ligand, OX-40 ligand, 4-1BB ligand, Apo-1 ligand (also 
M referred to as Fas ligand or CD95 ligand) , and Apo-2 ligand (also 

$ referred to as TRAIL) have been identified as members of the tumor 

JT necrosis factor ("TNF") family of cytokines [See, e.g., Gruss and Dower, 

03 25 Blood , 85:3378-3404 (1995); Wiley et al., Immunity , 3:673-682 (1995); 

s Pitti et al., J. Biol. Chem. , 271:12687-12690 (1996); WO 97/01633 

O 

OJ published January 16, 1997]. Among these molecules, TNF-a, TNF-p, CD30 

0 ligand, 4-1BB ligand, Apo-1 ligand, and Apo-2 ligand (TRAIL) have been 

.J reported to be involved in apoptotic cell death. Both TNF-a and TNF-p 

ffl 30 have been reported to induce apoptotic death in susceptible tumor cells 
[Schmid et al., Proc. Natl. Acad. Sci. , 83:1881 (1986); Dealtry et al., 
Eur. J. Immunol. , 17:689 (1987)] . Zheng et al. have reported that TNF-a 
is involved in post-stimulation apoptosis of CD8-positive T cells [Zheng 
et al., Nature, 377:348-351 (1995)]. Other investigators have reported 
35 that CD30 ligand may be involved in deletion of self -reactive T cells in 
the thymus [Amakawa et al., Cold Spring Harbor Laboratory Symposium on 
Programmed Cell Death, Abstr. No. 10, (1995)]. 

Mutations in the mouse Fas /Apo-1 receptor or ligand genes 
(called lpr and gld, respectively) have been associated with some 
40 autoimmune disorders, indicating that Apo-1 ligand may play a role in 
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5 regulating the clonal deletion of self -reactive lymphocytes in the 
periphery [Krammer et al., Curr . Op . Immunol . , 6:279-289 (1994); Nagata 
et al., Science , 267:1449-1456 (1995)]. Apo-1 ligand is also reported 
to induce post-stimulation apoptosis in CD4-positive T lymphocytes and 
in B lymphocytes, and may be involved in the elimination of activated 
10 lymphocytes when their function is no longer needed [Krammer et al., 
supra ? Nagata et al., supra]. Agonist mouse monoclonal antibodies 
specifically binding to the Apo-1 receptor have been reported to exhibit 

cell killing activity that is comparable to or similar to that of TNF-a 
[Yonehara et al., J. Exp. Med. , 169:1747-1756 (1989)]. 
1 5 TNF Family of Receptors 

Induction of various cellular responses mediated by such TNF 
family cytokines is believed to be initiated by their binding to 
specific cell receptors. Two distinct TNF receptors of approximately 
55-kDa (TNFR1) and 75-kDa (TNFR2) have been identified [Hohman et al., 
ffj 20 J. Biol. Chem. , 264:14927-14934 (1989); Brockhaus et al., Proc. Natl. 
2 Acad. Sci. , 87:3127-3131 (1990); EP 417,563, published March 20, 1991] 

Sj and human and mouse cDNAs corresponding to both receptor types have been 

4* isolated and characterized [Loetscher et al., Cell , 61:351 (1990); 

^ Schall et al., Cell , 61:361 (1990); Smith et al . , Science , 248:1019-1023 

^ 25 (1990); Lewis et al., Proc. Natl. Acad. Sci. , 88:2830-2834 (1991); 
■ Goodwin et al., Mol. Cell. Biol. , 11:3020-3026 (1991)]. Extensive 

r; polymorphisms have been associated with both TNF receptor genes [see, 

fU 

p e.g., Takao et al., Immunoqenetics, 37:199-203 (1993)]. Both TNFRs 

'dQ share the typical structure of cell surface receptors including 

^ 30 extracellular, transmembrane and intracellular regions. The 

CD 

extracellular portions of both receptors are found naturally also as 
soluble TNF-binding proteins [Nophar, Y. et al., EMBQ J . , .9:3269 (1990); 
and Kohno, T. et al., Proc. Natl. Acad. Sci. U.S.A. , 87:8331 (1990)]. 
The cloning of recombinant soluble TNF receptors was reported by Hale et 

35 al. r j. Cell. Biochem. Supplement 15F , 1991, p. 113 (P424)]. 

The extracellular portion of type 1 and type 2 TNFRs (TNFR1 
and TNFR2) contains a repetitive amino acid sequence pattern of four 
cysteine-rich domains (CRDs) designated 1 through 4, starting from the 
NH 2 - terminus . Each CRD is about 40 amino acids long and contains 4 to 6 

40 cysteine residues at positions which are well conserved [Schall et al., 
supra ; Loetscher et al., supra ; Smith et al., supra ; Nophar et al., 
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5 supra ; Kohno et al. # supra ] . In TNFR1 , the approximate boundaries of 
the four CRDs are as follows: CRD1- amino acids 14 to about 53; CRD2- 
amino acids from about 54 to about 97; CRD3- amino acids from about 98 
to about 138; CRD4- amino acids from about 139 to about 167. In TNFR2, 
CRD1 includes amino acids 17 to about 54; CRD2- amino acids from about 
10 55 to about 97; CRD3- amino acids from about 98 to about 140; and CRD4- 
amino acids from about 141 to about 179 [Banner et al., Cell , 73:431-435 
(1993)]. The potential role of the CRDs in ligand binding is also 
described by Banner et al., supra . 

A similar repetitive pattern of CRDs exists in several other 
15 cell-surface proteins, including the p75 nerve growth factor receptor 
(NGFR) [Johnson et al. # Cell , 47:545 (1986); Radeke et al., Nature , 
325:593 (1987)], the B cell antigen CD40 [Stamenkovic et al., EMBO J. , 
8:1403 (1989)], the T cell antigen 0X40 [Mallet et al., EMBO J. , 9:1063 
(1990)] and the Fas antigen [Yonehara et al., supra and Itoh et al., 
f« 20 supra ] . CRDs are also found in the soluble TNFR (sTNFR) - like T2 
U proteins of the Shope and myxoma poxviruses [Upton et al., Virology , 

H 160 :20-29 (1987); Smith et al . , Biochem. Biophvs . Res. Commun. , 176 :335 

i= (1991); Upton et al., Virology , 184:370 (1991)]. Optimal alignment of 

s 

H 5 these sequences indicates that the positions of the cysteine residues 

* A 25 are well conserved. These receptors are sometimes collectively 

referred to as members of the TNF/NGF receptor superfamily. Recent 
O studies on p75NGFR showed that the deletion of CRD1 [Welcher, A. A. et 

1? al., Proc. Natl. Acad. Sci. USA , 88:159-163 (1991)] or a 5-amino acid 

J insertion in this domain [Yan, H. and Chao, M.V., J. Biol. Chem. , 

yg 30 266:12099-12104 (1991)] had little or no effect on NGF binding [Yan, H. 
® and Chao, M.V., supra] . p75 NGFR contains a proline-rich stretch of 

about 60 amino acids, between its CRD4 and transmembrane region, which 
is not involved in NGF binding [Peetre, C. et al., Eur. J. Hematol. , 
41:414-419 (1988); Seckinger, P. et al., J. Biol. Chem. , 264:11966-11973 
35 (1989); Yan, H. and Chao, M.V., supra ] . A similar proline-rich region 
is found in TNFR2 but not in TNFR1. 

Itoh et al. disclose that the Apo-1 receptor can signal an 
apoptotic cell death similar to that signaled by the 55-kDa TNFR1 [Itoh 
et al., supra ] . Expression of the Apo-1 antigen has also been reported 
40 to be down- regulated along with that of TNFR1 when cells are treated 
with either TNF-a or anti-Apo-1 mouse monoclonal antibody [Krammer et 
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5 al. r supra ; Nagata et al., supra ] . Accordingly, some investigators have 
hypothesized that cell lines that co-express both Apo-1 and TNFR1 
receptors may mediate cell killing through common signaling pathways 
[IdJ • 

The TNF family ligands identified to date, with the exception 
10 of lymphotoxin-a, are type II transmembrane proteins, whose C-terminus 
is extracellular. In contrast, the receptors in the TNF receptor (TNFR) 
family identified to date are type I transmembrane proteins. In both 
the TNF ligand and receptor families, however, homology identified 
between family members has been found mainly in the extracellular domain 

15 ( "ECD" ) . v Several of the TNF family cytokines, including TNF -a, Apo-1 
ligand and CD40 ligand, are cleaved proteolytically at the cell surface; 
the resulting protein in each case typically forms a homotrimeric 
molecule that functions as a soluble cytokine. TNF receptor family 
proteins are also usually cleaved proteolytically to release soluble 
20 receptor ECDs that can function as inhibitors of the cognate cytokines. 
q Recently, other members of the TNFR family have been 

SJ identified. In Marsters et al., Curr . Biol . , 6:750 . (1996), 

J* investigators describe a full length native sequence human polypeptide, 

Ms 

L called Apo-3, which exhibits similarity to the TNFR family in its 

yg 25 extracellular cysteine-rich repeats and resembles TNFR1 and CD95 in that 
!L it contains a cytoplasmic death domain sequence [see also Marsters et 

fQ al., Curr . Biol . , 6:1669 (1996)]. Apo-3 has also been referred to by 

p other investigators as DR3, wsl-1 and TRAMP [Chinnaiyan et al., Science , 

S 274:990 (1996); Kitson et al . , Nature, 384:372 (1996); Bodmer et al., 

~ 30 Immunity , 6:79 (1997)]. 

Pan et al. have disclosed another TNF receptor family member 
referred to as l, DR4" [Pan et al., Science , 276:111-113 (1997)]. The DR4 
was reported to contain a cytoplasmic death domain capable of engaging 
the cell suicide apparatus. Pan et al. disclose that DR4 is believed to 
35 be a receptor for the ligand known as Apo-2 ligand or TRAIL. 

The Apoptosis- Inducing Signaling Complex 
As presently understood, the cell death program contains at 
least three important elements - activators, inhibitors, and effectors; 
in C. elegans, these elements are encoded respectively by three genes, 
40 Ced-4, Ced-9 and Ced-3 [Steller, Science , 267:1445 (1995); Chinnaiyan et 
al., Science , 275:1122-1126 (1997)]. Two of the TNFR family members, 
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5 TNFRl and Fas/Apol (CD95) , can activate apoptotic cell death [Chinnaiyan 
and Dixit, Current Biolocrv , 6:555-562 (1996); Fraser and Evan, Cell ; 
85:781-784 (1996)]. TNFRl is also known to mediate activation of the 

transcription factor, NF-KB [Tartaglia et al., Cell , 74:845-853 (1993); 
Hsu et al., Cell , 84:299-308 (1996)] . In addition to some ECD homology, 

10 these two receptors share homology in their intracellular domain (ICD) 
in an oligomerization interface known as the death domain [Tartaglia et 
al., supra ; Nagata, Cell , 8jh355 (1997)]. Death domains are also found 
in several metazoan proteins that regulate apoptosis, namely, the 
Drosophila protein, Reaper, and the mammalian proteins referred to as 

15 FADD/M0RT1, TRADD, and RIP [Cleaveland and Ihle, Cell , 81:479-482 
(1995)]. Using the yeast-two hybrid system, Raven et al. report the 
identification of protein, wsl-1, which binds to the TNFRl death domain 
[Raven et al., Programmed Cell Death Meeting, September 20-24, 1995, 
Abstract at page 127; Raven et al., European Cytokine Network , 7:Abstr. 
yl 20 82 at page 210 (April-June 1996)]. The wsl-1 protein is described as 

l ~ being homologous to TNFRl (48% identity) and having a restricted tissue 

Q 

distribution. According to Raven et al., the tissue distribution of 
42 wsl-1 is significantly different from the TNFRl binding protein, TRADD. 

Upon ligand binding and receptor clustering, TNFRl and CD95 
25 are believed to recruit FADD into a death- inducing signalling complex. 
3 CD95 purportedly binds FADD directly, while TNFRl binds FADD indirectly 

via TRADD [Chinnaiyan et al., Cell , 81:505-512 (1995); Boldin et al., 
^ Biol. Chem. , 270 :387-391 (1995); Hsu et al., supra ; Chinnaiyan et al., 

5 J. Biol. Chem. , 271:4961-4965 (1996)]. It has been reported that FADD 

'^0 30 serves as an adaptor protein which recruits the Ced-3-related protease, 

MACHoc/FLICE (caspase 8) , into the death signalling complex [Boldin et 
al., Cell , 85:803-815 (1996); Muzio et al., Cell , 85:817-827 (1996)]. 
MACHa/FLICE appears to be the trigger that sets off a cascade of 
apoptotic proteases, including the interleukin-ip converting enzyme 
35 (ICE) and CPP32/Yama, which may execute some critical aspects of the 
cell death programme [Fraser and Evan, supra l . 

It was recently disclosed that programmed cell death involves 
the activity of members of a family of cysteine proteases related to the 
C. elegrans cell death gene, ced-3, and to the mammalian IL-1- converting 
40 enzyme, ICE. The activity of the ICE and CPP32/Yama proteases can be 
inhibited by the product of the cowpox virus gene, crmA [Ray et al., 

6 



5 Cell , 69:597-604 (1992); Tewari et al., Cell , 81:801-809 (1995)]. 
Recent studies show that CrmA can inhibit TNFR1- and CD95-induced cell 
death [Enari et al., Nature , 375 :78-81 (1995); Tewari et al., J. Biol. 
Chem . f 270:3255-3260 (1995)]. 

As reviewed recently by Tewari et al., TNFR1, TNFR2 and CD40 
10 modulate the expression of proinflammatory and costimulatory cytokines, 
cytokine receptors, and cell adhesion molecules through activation of 
the transcription factor, NF-KB [Tewari et al., Curr . Op . Genet . 

Develop. , 6:39-44 (1996)]. NF-KB is the prototype of a family of 
dimeric transcription factors whose subunits contain conserved Rel 
15 regions [Verma et al., Genes Develop. f 9:2723-2735 (1996); Baldwin, Ann. 
Rev. Immunol. , 14:649-681 (1996)]. In its latent form, NF-KB is 
complexed with members of the 1KB inhibitor family; upon inactivation of 

the 1Kb in response to certain stimuli, released NF-KB translocates to 
jjt the nucleus where it binds to specific DNA sequences and activates gene 

~ 20 transcription. 

\l For a review of the TNF family of cytokines and their 

=p receptors, see Gruss and Dower, supra . 



yg SUMMARY OF THE INVENTION 

s 25 Applicants have identified cDNA clones that encode novel 

polypeptides, designated in the present application as "Apo-2." It is 
believed that Apo-2 is a member of the TNFR family; full-length native 
y3 sequence human Apo-2 polypeptide exhibits some similarities to some 

*; known TNFRs, including a cytoplasmic death domain region. Full-length 

30 native sequence human Apo-2 also exhibits similarity to the TNFR family 
in its extracellular cysteine-rich repeats. Apo-2 polypeptide has been 
found to be capable of triggering caspase- dependent apoptosis and 
activating NF-KB. Applicants surprisingly found that the soluble 
extracellular domain of Apo-2 binds Apo-2 ligand ("Apo-2L") and can 
35 inhibit Apo-2 ligand function. It is presently believed that Apo-2 
ligand can signal via at least two different receptors, DR4 and the 
newly described Apo-2 herein. 

In one embodiment, the invention provides isolated Apo-2 
polypeptide. In particular, the invention provides isolated native 
40 sequence Apo-2 polypeptide, which in one embodiment, includes an amino 
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acid sequence comprising residues 1 to 411 of Figure 1 (SEQ ID N0:1) . 
In other embodiments, the isolated Apo-2 polypeptide comprises at least 
about 80% amino acid sequence identity with native sequence Apo-2 
polypeptide comprising residues 1 to 411 of Figure 1 (SEQ ID N0:1) . 
Optionally, the Apo-2 polypeptide is obtained or obtainable by 
expressing the polypeptide encoded by the cDNA insert of the vector 
deposited as ATCC 209021. 

In another embodiment, the invention provides an isolated 
extracellular domain (ECD) sequence of Apo-2. Optionally, the isolated 
extracellular domain sequence comprises amino acid residues 54 to 182 of 
Fig. 1 (SEQ ID NO:l) . 

In another embodiment, the invention provides an isolated 
death domain sequence of Apo-2. Optionally, the isolated death domain 
sequence comprises amino acid residues 324 to 391 of Fig. 1 (SEQ ID 
NO:l) . 

In another embodiment, the invention provides chimeric 
molecules comprising Apo-2 polypeptide fused to a heterologous 
polypeptide or amino acid sequence. An example of such a chimeric 
molecule comprises an Apo-2 fused to an immunoglobulin sequence. 
Another example comprises an extracellular domain sequence of Apo-2 
fused to a heterologous polypeptide or amino acid sequence, such as an 
immunoglobulin sequence. 

In another embodiment, the invention provides an isolated 
nucleic acid molecule encoding Apo-2 polypeptide. In one aspect, the 
nucleic acid molecule is RNA or DNA that encodes an Apo-2 polypeptide or 
a particular domain of Apo-2, or is complementary to such encoding 
nucleic acid sequence, and remains stably bound to it under at least 
moderate, and optionally, under high stringency conditions. In one 
embodiment, the nucleic acid sequence is selected from: 

(a) the coding region of the nucleic acid sequence of Figure 
1 (SEQ ID NO:2) that codes for residue 1 to residue 411 (i.e., 
nucleotides 140-142 through 1370-1372), inclusive; 

(b) the coding region of the nucleic acid sequence of Figure 
1 (SEQ ID N0:2) that codes for residue 1 to residue 182 (i.e., 
nucleotides 140-142 through 683-685), inclusive? 

(c) the coding region of the nucleic acid sequence of Figure 
1 (SEQ ID N0:2) that codes for residue 54 to residue 182 (i.e., 
nucleotides 299-301 through 683-685), inclusive,- 
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5 (d) the coding region of the nucleic acid sequence of Figure 

1 (SEQ ID N0:2) that codes for residue 324 to residue 391 (i.e., 
nucleotides 1109-1111 through 1310-1312), inclusive; or 

(e) a sequence corresponding to the sequence of (a) , (b) , (c) 
or (d) within the scope of degeneracy of the genetic code. The isolated 
10 nucleic acid may comprise the Apo-2 polypeptide cDNA insert of the 
vector deposited as ATCC 209021 which includes the nucleotide sequence 
encoding Apo-2 polypeptide. 

In a further embodiment, the invention provides a vector 
comprising the nucleic acid molecule encoding the Apo-2 polypeptide or 
15 particular domain of Apo-2. A host cell comprising the vector or the 
nucleic acid molecule is also provided. A method of producing Apo-2 is 
further provided. 

In another embodiment, the invention provides an antibody 
which specifically binds to Apo-2. The antibody may be an agonistic, 
fp 20 antagonistic or neutralizing antibody. Dimeric molecules, in particular 
p. homodimeric molecules, comprising Apo-2 antibody are also provided. 

M In another embodiment, the invention provides non-human, 

j* transgenic or knock-out animals. 

M A further embodiment of the invention provides articles of 

*Z 25 manufacture and kits that include Apo-2 or Apo-2 antibodies. 

re 

O BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the nucleotide sequence of a native sequence 
~S human Apo-2 cDNA and its derived amino acid sequence. 

*y 30 Figure 2 A shows the derived amino acid sequence of a native 

HJ sequence human Apo-2 - the putative signal sequence is underlined, the 

putative transmembrane domain is boxed, and the putative death domain 
sequence is dash underlined. The cysteines of the two cysteine-rich 
domains are individually underlined. 
35 Figure 2B shows an alignment and comparison of the death 

domain sequences of native sequence human Apo-2, DR4, Apo-3/DR3, TNFR1 , 
and Fas/Apo-1 (CD95) . Asterisks indicate residues that are essential 
for death signaling by TNFR1 [Tartaglia et al., supra ] . 

Figure 3 shows the interaction of the Apo-2 ECD with Apo-2L. 
40 Supernatants from mock-transfected 293 cells or from 293 cells 
transf ected with Flag epitope -tagged Apo-2 ECD were incubated with poly- 
His-tagged Apo-2L and subjected to immunoprecipitation with anti-Flag 
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5 conjugated or Nickel conjugated agarose beads. The precipitated 
proteins were resolved by electrophoresis on polyacrylamide gels, and 
detected by immunoblot with anti-Apo-2L or anti-Flag antibody. 

Figure 4 shows the induction of apoptosis by Apo-2 and 
inhibition of Apo-2L activity by soluble Apo-2 ECD. Human 293 cells (A, 
10 B) or HeLa cells (C) were transfected by pRK5 vector or by pRK5-based 
plasmids encoding Apo-2 and/or CrmA. Apoptosis was assessed by 
morphology (A) , DNA fragmentation (B) , or by FACS (C-E) . Soluble Apo-2L 
was pre-incubated with buffer or affinity-purified Apo-2 ECD together 
with anti-Flag antibody or Apo-2 ECD immunoadhesin or DR4 or TNFR1 
15 immunoadhesins and added to HeLa cells. The cells were later analyzed 
for apoptosis (D) . Dose-response analysis using Apo-2L with Apo-2 ECD 
immunoadhesin was also determined (E) . 

Figure 5 shows activation of NF-KB by Apo-2, DR4 , and Apo- 
2L. (A) HeLa cells were transfected with expression plasmids encoding 
m 20 the indicated proteins. Nuclear extracts were prepared and analyzed by 
y an electrophoretic mobility shift assay. (B) HeLa cells or MCF7 cells 

Sj were treated with buffer, Apo-2L or TNF-alpha and assayed for NF-KB 

+ activity. (C) HeLa cells were preincubated with buffer, ALLN or 

L cyclohexamide before addition of Apo-2L. Apoptosis was later analyzed 

yg 25 by FACS. 

Figure 6 shows expression of Apo-2 mRNA in human tissues as 
?fj analyzed by Northern hybridization of human tissue poly A RNA blots. 

Q Figure 7 shows the FACS analysis ot an Apo-2 antibody, 

tfj 3F11.39.7 (illustrated by the bold lines) as compared to IgG controls 

« 30 (dotted lines). The 3F11.39.7 antibody recognized the Apo-2 receptor 

ty 

expressed in human 9D cells. 

Figure 8 is a graph showing percent (%) apoptosis induced in 
9D cells by Apo-2 antibody 3F11.39.7, in the absence of goat anti-mouse 
IgG Pc. 

35 Figure 9 is a bar diagram showing percent (%) apoptosis, as 

compared to Apo-2L, in 9D cells by Apo-2 antibody 3F11.39.7 in the 

presence or absence of goat ant i -mouse IgG Fc. 

Figure 10 is a bar diagram illustrating the ability of Apo-2 

antibody 3F11.39.7 to block the apoptosis induced by Apo-2L in 9D cells. 
40 Figure 11 is a graph showing results of an ELISA testing 

binding of Apo-2 antibody 3F11.39.7 to Apo-2 and to other known Apo-2L 
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5 receptors referred to as DR4, DcRl, and DcR2. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
1 • Definitions 
10 The terms "Apo-2 polypeptide" and "Apo-2" when used herein 

encompass native sequence Apo-2 and Apo-2 variants (which are further 
defined herein) . These terms encompass Apo-2 from a variety of mammals, 
including humans. The Apo-2 may be isolated from a variety of sources, 
such as from human tissue types or from another source, or prepared by 
1 5 recombinant or synthetic methods . 

A "native sequence Apo-2" comprises a polypeptide having the 
same amino acid sequence as an Apo-2 derived from nature. Thus, a 
native sequence Apo-2 can have the amino acid sequence of naturally- 
occurring Apo-2 from any mammal. Such native sequence Apo-2 can be 
ffr 20 isolated from nature or can be produced by recombinant or synthetic 
□ means. The term "native sequence Apo-2" specifically encompasses 

~ naturally-occurring truncated or secreted forms of the Apo-2 (e.g., an 

jj extracellular domain sequence), naturally- occurring variant forms (e.g., 

H alternatively spliced forms) and naturally-occurring allelic variants of 

\I 25 the Apo-2. A naturally-occurring variant form of the Apo-2 includes an 
_ Apo-2 having an amino acid substitution at residue 410 in the amino acid 

O sequence shown in Figure 1 (SEQ ID NO:l) . In one embodiment of such 

yf naturally-occurring variant form, the leucine residue at position 410 is 

J substituted by a methionine residue. In Fig. 1 (SEQ ID N0:1), the amino 

=n 30 acid residue at position 410 is identified as "Xaa" to indicate that the 
W amino acid may, optionally, be either leucine or methionine. In Fig. 1 

(SEQ ID NO:2), the nucleotide at position 1367 is identified as "W" to 
indicate that the nucleotide may be either adenine (A) or thymine (T) or 
uracil (U) . In one embodiment of the invention, the native sequence 
35 Apo-2 is a mature or full-length native sequence Apo-2 comprising amino 
acids 1 to 411 of Fig. 1 (SEQ ID N0:1) . 

The "Apo-2 extracellular domain" or "Apo-2 ECD" refers to a 
form of Apo-2 which is essentially free of the transmembrane and 
cytoplasmic domains of Apo-2. Ordinarily, Apo-2 ECD will have less than 
40 1% of such transmembrane and/or cytoplasmic domains and preferably, will 
have less than 0.5% of such domains. Optionally, Apo-2 ECD will 
comprise amino acid residues 54 to 182 of Fig. 1 (SEQ ID NO: 1) or amino 
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acid residues 1 to 182 of Fig. 1 (SEQ ID N0:1) . 

"Apo-2 variant" means a biologically active Apo-2 as defined 
below having at least about 80% amino acid sequence identity with the 
Apo-2 having the deduced amino acid sequence shown in Fig. 1 (SEQ ID 
NO:l) for a full-length native sequence human Apo-2. Such Apo-2 
variants include, for instance, Apo-2 polypeptides wherein one or more 
amino acid residues are added, or deleted, at the N- or C-terminus of 
the sequence of Fig. 1 (SEQ ID NO:l) . Ordinarily, an Apo-2 variant will 
have at least about 80% amino acid sequence identity, more preferably at 
least about 90% amino acid sequence identity, and even more preferably 
at least about 95% amino acid sequence identity with the amino acid 
sequence of Fig. 1 (SEQ ID NO:l) . 

"Percent (%) amino acid sequence identity" with respect to 
the Apo-2 sequences identified herein is defined as the percentage of 
amino acid residues in a candidate sequence that are identical with the 
amino acid residues in the Apo-2 sequence, after aligning the sequences 
and introducing gaps, if* necessary, to achieve the maximum percent 
sequence identity, and not considering any conservative substitutions as 
part of the sequence identity. Alignment for purposes of determining 
percent amino acid sequence identity can be achieved in various ways 
that are within the skill in the art, for instance, using publicly 
available computer software such as ALIGN™ or Megalign (DNASTAR) 
software. Those skilled in the art can determine appropriate parameters 
for measuring alignment, including any algorithms needed to achieve 
maximal alignment over the full length of the sequences being compared. 

The term "epitope tagged" when used herein refers to a 
chimeric polypeptide comprising Apo-2, or a domain sequence thereof, 
fused to a "tag polypeptide". The tag polypeptide has enough residues 
to provide an epitope against which an antibody can be made, yet is 
short enough such that it does not interfere with activity of the Apo-2. 
The tag polypeptide preferably also is fairly unique so that the 
antibody does not substantially cross-react with other epitopes. 
Suitable tag polypeptides generally have at least six amino acid 
residues and usually between about 8 to about 50 amino acid residues 
(preferably, between about 10 to about 20 residues) . 

"Isolated," when used to describe the various polypeptides 
disclosed herein, means polypeptide that has been identified and 
separated and/or recovered from a component of its natural environment. 
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5 Contaminant components of its natural environment are materials that 
would typically interfere with diagnostic or therapeutic uses for the 
polypeptide, and may include enzymes, hormones, and other proteinaceous 
or non-proteinaceous solutes. In preferred embodiments, the polypeptide 
will be purified (1) to a degree sufficient to obtain at least 15 
10 residues of N- terminal or internal amino acid sequence by use of a 
spinning cup sequenator, or (2) to homogeneity by SDS-PAGE under non- 
reducing or reducing conditions using Coomassie blue or, preferably, 
silver stain. Isolated polypeptide includes polypeptide in situ within 
recombinant cells, since at least one component of the Apo-2 natural 
15 environment will not be present. Ordinarily, however, isolated 
polypeptide will be prepared by at least one purification step. 

An "isolated" Apo-2 nucleic acid molecule is a nucleic acid 
molecule that is identified and separated from at least one contaminant 
nucleic acid molecule with which it is ordinarily associated in the 
IP 20 natural source of the Apo-2 nucleic acid. An isolated Apo-2 nucleic 
Q acid molecule is other than in the form or setting in which it is found 

J-j in nature. Isolated Apo-2 nucleic acid molecules therefore are 

j= distinguished from the Apo-2 nucleic acid molecule as it exists in 

natural cells. However, an isolated Apo-2 nucleic acid molecule 
^ 25 includes Apo-2 nucleic acid molecules contained in cells that ordinarily 
7 express Apo-2 where, for example, the nucleic acid molecule is in a 

Q chromosomal location different from that of natural cells, 

jjf The term "control sequences" refers to DNA sequences 

."S necessary for the expression of an operably linked coding sequence in a 

■Q 30 particular host organism. The control sequences that are suitable for 
* prokaryotes, for example, include a promoter, optionally an operator 

sequence, and a ribosome binding site. Eukaryotic cells are known to 
utilize promoters, polyadenylation signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into a 
35 functional relationship with another nucleic acid sequence. For example, 
DNA for a presequence or secretory leader is operably linked to DNA for 
a polypeptide if it is expressed as a preprotein that participates in 
the secretion of the polypeptide; a promoter or enhancer is operably 
linked to a coding sequence if it affects the transcription of the 
40 sequence; or a ribosome binding site is operably linked to a coding 
sequence if it is positioned so as to facilitate translation. 
Generally, "operably linked" means that the DNA sequences being linked 
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5 are contiguous, and, in the case of a secretory leader, contiguous and 
in reading phase. However, enhancers do not have to be contiguous. 
Linking is accomplished by ligation at convenient restriction sites. If 
such sites do not exist, the synthetic oligonucleotide adaptors or 
linkers are used in accordance with conventional practice. 
10 The term "antibody" is used in the broadest sense and 

specifically covers anti-Apo-2 monoclonal antibodies (including agonist, 
antagonist, and blocking or neutralizing antibodies) and anti-Apo-2 
antibody compositions with polyepitopic specificity. 

The term "monoclonal antibody" as used herein refers to an 
15 antibody obtained from a population of substantially homogeneous 
antibodies, i.e., the individual antibodies comprising the population 
are identical except for possible naturally- occurring mutations that may 
be present in minor amounts. Monoclonal antibodies are highly specific, 
being directed against a single antigenic site. Furthermore, in 
^ 20 contrast to conventional (polyclonal) antibody preparations which 
p typically include different antibodies directed against different 

p determinants (epitopes) , each monoclonal antibody is directed against a 

e » single determinant on the antigen. 

M: The monoclonal antibodies herein include hybrid and 

^ 25 recombinant antibodies produced by splicing a variable (including 

hypervariable) domain of an anti-Apo-2 antibody with a constant domain, 
q or a light chain with a heavy chain, or a chain from one species with a 

TU chain from another species, or fusions with heterologous proteins, 

'"S regardless of species of origin or immunoglobulin class or subclass 

£ 30 designation, as well as antibody fragments {e.g., Fab, F(ab') 2 , and Fv) , 
CO so long as they exhibit the desired biological activity. See, e.g. U.S. 

Pat. No. 4,816,567 and Mage et al., in Monoclonal Antibody Production 

Techniques and Applications , pp. 79-97 (Marcel Dekker, Inc.: New York, 

1987) . 

35 Thus, the modifier "monoclonal" indicates the character of 

the antibody as being obtained from a substantially homogeneous 
population of antibodies, and is not to be construed as requiring 
production of the antibody by any particular method. For example, the 
monoclonal antibodies to be used in accordance with the present 

40 invention may be made by the hybridoma method first described by Kohler 
and Milstein, Nature, 256:495 (1975), or may be made by recombinant DNA 
methods such as described in U.S. Pat. No. 4,816,567. The "monoclonal 



5 antibodies" may also be isolated from phage libraries generated using 
the techniques described in McCafferty et al., Nature , 348 :552-554 
(1990) , for example. 

"Humanized" forms of non-human (e.g. murine) antibodies are 
specific chimeric irranunoglobulins, immunoglobulin chains, or fragments 
10 thereof (such as Fv, Fab, Fab', F(ab r ) 2 or other antigen-binding 
subsequences of antibodies) which contain minimal sequence derived from 
non-human immunoglobulin. For the most part, humanized antibodies are 
human immunoglobulins (recipient antibody) in which residues from a 
complementary determining region (CDR) of the recipient are replaced by 
15 residues from a CDR of a non-human species (donor antibody) such as 
mouse, rat, or rabbit having the desired specificity, affinity, and 
capacity. In some instances, Fv framework region (FR) residues of the 
human immunoglobulin are replaced by corresponding non-human residues. 
Furthermore, the humanized antibody may comprise residues which are 
^ 20 found neither in the recipient antibody nor in the imported CDR or 
D framework sequences. These modifications are made to further refine and 

optimize antibody performance. In general, the humanized antibody will 
comprise substantially all of at least one, and typically two, variable 
domains, in which all or substantially all of the CDR regions correspond 
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?Z 25 to those of a non-human immunoglobulin and all or substantially all of 
T the FR regions are those of a human immunoglobulin consensus sequence. 

H The humanized antibody optimally also will comprise at least a portion 

H=f of an immunoglobulin constant region or domain (Fc) , typically that of a 

human immunoglobulin. 
h n 30 "Biologically active" and "desired biological activity" for 

G) the purposes herein mean having the ability to modulate apoptosis 

(either in an agonistic or stimulating manner or in an antagonistic or 

blocking manner) in at least one type of mammalian cell in vivo or ex 

vivo. 

35 The terms "apoptosis" and "apoptotic activity" are used in a 

broad sense and refer to the orderly or controlled form of cell death in 
mammals that is typically accompanied by one or more characteristic cell 
changes, including condensation of cytoplasm, loss of plasma membrane 
microvilli, segmentation of the nucleus, degradation of chromosomal DNA 

40 or loss of mitochondrial function. This activity can be determined and 
measured, for instance, by cell viability assays, FACS analysis or DNA 
electrophoresis, all of which are known in the art. 
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The terms "treating," "treatment," and "therapy" as used 
herein refer to curative therapy, prophylactic therapy, and preventative 
therapy . 

The term "mammal" as used herein refers to any mammal 
classified as a mammal, including humans, cows, horses, dogs and cats. 
In a preferred embodiment of the invention, the mammal is a human. 

II. Compositions and Methods of the Invention 

The present invention provides newly identified and isolated 
Apo-2 polypeptides and Apo-2 antibodies. In particular, Applicants have 
identified and isolated various human Apo-2 polypeptides. The 
properties and characteristics of some of these Apo-2 polypeptides and 
anti-Apo-2 antibodies are described in further detail in the Examples 
below. Based upon the properties and characteristics of the Apo-2 
polypeptides disclosed herein, it is Applicants' present belief that 
Apo-2 is a member of the TNFR family. 

A description follows as to how Apo-2, as well as Apo-2 
chimeric molecules and anti -Apo-2 antibodies, may be prepared. 

A. Preparation of Apo-2 

The description below relates primarily to production of Apo- 
2 by culturing cells transformed or transfected with a vector containing 
Apo-2 nucleic acid. It is of course, contemplated that alternative 
methods, which are well known in the art, may be employed to prepare 
Apo-2. 

1. Isolation of DNA Encoding Apo-2 

The DNA encoding Apo-2 may be obtained from any cDNA library 
prepared from tissue believed to possess the Apo-2 mRNA and to express 
it at a detectable level. Accordingly, human Apo-2 DNA can be 
conveniently obtained from a cDNA library prepared from human tissues, 
such as the bacteriophage libraries of human pancreas and kidney cDNA 
described in Example 1. The Apo-2 -encoding gene may also be obtained 
from a genomic library or by oligonucleotide synthesis. 

Libraries can be screened with probes (such as antibodies to 
the Apo-2 or oligonucleotides of at least about 20-80 bases) designed to 
identify the gene of interest or the protein encoded by it. Screening 
the cDNA or genomic library with the selected probe may be conducted 
using standard procedures, such as described in Sambrook et al., 
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5 Molecular Cloning: A Laboratory Manual (New York: Cold Spring Harbor 
Laboratory Press, 1989). An alternative means to isolate the gene 
encoding Apo-2 is to use PCR methodology [Sambrook et al., supra ; 
Dieffenbach et al., PCR Primer: A Laboratory Manual (Cold Spring Harbor 
Laboratory Press, 1995)] . 

10 A preferred method of screening employs selected 

oligonucleotide sequences to screen cDNA libraries from various human 
tissues. Example 1 below describes techniques for screening a cDNA 
library. The oligonucleotide sequences selected as probes should be. of 
sufficient length and sufficiently unambiguous that false positives are 

15 minimized. The oligonucleotide is preferably labeled such that it can 
be detected upon hybridization to DNA in the library being screened. 
Methods of labeling are well known in the art, and include the use of 
radiolabels like 32 P-labeled ATP, biotinylation or enzyme labeling. 
Hybridization conditions, including moderate stringency and high 
m 20 stringency, are provided in Sambrook et al . , supra . 

O Nucleic acid having all the protein coding sequence may be 

obtained by screening selected cDNA or genomic [libraries using the 
£ deduced amino acid sequence disclosed herein for the first time, and, if 

H necessary, using conventional primer extension procedures as described 

25 in Sambrook et al., supra , to detect precursors and processing 
intermediates of mRNA that may not have been reverse -transcribed into 
g cDNA. 

y Apo-2 variants can be prepared by introducing appropriate 

% nucleotide changes into the Apo-2 DNA, or by synthesis of the desired 

q 30 Apo-2 polypeptide. Those skilled in the art will appreciate that amino 
B acid changes may alter post-translational processes of the Apo-2, such 

as changing the number or position of glycosylation sites or altering 
the membrane anchoring characteristics. 

Variations in the native full-length sequence Apo-2 or in 
35 various domains of the Apo-2 described herein, can be made, for example, 
using any of the techniques and guidelines for conservative and non- 
conservative mutations set forth, for instance, in U.S. Pat. No. 
5,364,934. Variations may be a substitution, deletion or insertion of 
one or more codons encoding the Apo-2 that results in a change in the 
40 amino acid sequence of the Apo-2 as compared with the native sequence 
Apo-2. Optionally the variation is by substitution of at least one 
amino acid with any other amino acid in one or more of the domains of 
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5 the Apo-2 molecule. The variations can be made using methods known in 
the art such as oligonucleotide-mediated (site-directed) mutagenesis, 
alanine scanning, and PCR mutagenesis. Site-directed mutagenesis 
[Carter et al., Nucl. Acids Res. , 13:4331 (1986); Zoller et al., Nucl. 
Acids Res. . 10:6487 (1987)], cassette mutagenesis [Wells et al., Gene , 
10 34:315 (1985)], restriction selection mutagenesis [Wells et al., Philos. 
Trans. R. Soc. London SerA , 317:415 (1986)] or other known techniques 
can be performed on the cloned DNA to produce the Apo-2 variant DNA. 

Scanning amino acid analysis can also be employed to identify 
one or more amino acids along a contiguous sequence which are involved 
15 in the interaction with a particular ligand or receptor. Among the 
preferred scanning amino acids are relatively small, neutral amino 
acids. Such amino acids include alanine, glycine, serine, and cysteine. 
Alanine is the preferred scanning amino acid among this group because it 
eliminates the side-chain beyond the beta-carbon and is less likely to 
m 20 alter the main-chain conformation of the variant. Alanine is also 
□ preferred because it is the most common amino acid. Further, it is 

U frequently found in both buried and exposed positions [Creighton, The 

^ Proteins , (W.H. Freeman & Co., N.Y.); Chothia, J. Mol. Biol. , 150:1 

M* (1976)]. If alanine substitution does not yield adequate amounts of 

25 variant, an isoteric amino acid can be used. 
7* Once selected Apo-2 variants are produced, they can be 

p contacted with, for instance, Apo-2L, and the interaction, if any, can 

jy be determined. The interaction between the Apo-2 variant and Apo-2L can 

if be measured by an in vitro assay, such as described in the Examples 

yr) 30 below. While any number of analytical measurements can be used to 
TO compare activities and properties between a native sequence Apo-2 and an 

Apo-2 variant, a convenient one for binding is the dissociation constant 
Ka of the complex formed between the Apo-2 variant and Apo-2L as 
compared to the K d for the native sequence Apo-2. Generally, a > 3-fold 
35 increase or decrease in per substituted residue indicates that the 
substituted residue (s) is active in the interaction of the native 
sequence Apo-2 with the Apo-2L. 

Optionally, representative sites in the Apo-2 sequence 
suitable for mutagenesis would include sites within the extracellular 
40 domain, and particularly, within one or both of the cysteine- rich 
domains. Such variations can be accomplished using the methods 
described above. 
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5 2 . Insertion of Nucleic Acid into A Replicable Vector 

The nucleic acid (e.g., cDNA or genomic DNA) encoding Apo-2 
may be inserted into a replicable vector for further cloning 
(amplification of the DNA) or for expression. Various vectors are 
publicly available. The vector components generally include, but are 
10 not limited to, one or more of the following: a signal sequence, an 
origin of replication, one or more marker genes, an enhancer element, a 
promoter, and a transcription termination sequence, each of which is 
described below. 

(i) Signal Sequence Component 
15 The Apo-2 may be produced recombinant ly not only directly, 

but also as a fusion polypeptide with a heterologous polypeptide, which 
may be a signal sequence or other polypeptide having a specific cleavage 
site at the N-terminus of the mature protein or polypeptide. In 
general, the signal sequence may be a component of the vector, or it may 
20 be a part of the Apo-2 DNA that is inserted into the vector. The 
heterologous signal sequence selected preferably is one that is 
recognized and processed (i.e., cleaved by a signal peptidase) by the 
host cell. The signal sequence may be a prokaryotic signal sequence 
M= selected, for example, from the group of the alkaline phosphatase, 

H 25 penicillinase, lpp, or heat-stable enterotoxin II leaders. For yeast 

is : 

J" secretion the signal sequence may be, e.g., the yeast invertase leader, 

alpha factor leader (including Saccharomyces and Kluyveromyces a- factor 
leaders, the latter described in U.S. Pat. No. 5,010,182), or acid 
phosphatase leader, the C. albicans glucoamylase leader (EP 362,179 
30 published 4 April 1990), or the signal described in WO 90/13646 
published 15 November 1990. In mammalian cell expression the native 
Apo-2 presequence that normally directs insertion of Apo-2 in the cell 
membrane of human cells in vivo is satisfactory, although other 
mammalian signal sequences may be used to direct secretion of the 
35 protein, such as signal sequences from secreted polypeptides of the same 
or related species, as well as viral secretory leaders, for example, the 
herpes simplex glycoprotein D signal. 

The DNA for such precursor region is preferably ligated in 
reading frame to DNA encoding Apo-2. 
40 (ii) Origin of Replication Component 

Both expression and cloning vectors contain a nucleic acid 
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5 sequence that enables the vector to replicate in one or more selected 
host cells. Generally, in cloning vectors this sequence is one that 
enables the vector to replicate independently of the host chromosomal 
DNA, and includes origins of replication or autonomously replicating 
sequences. Such sequences are well known for a variety of bacteria, 
10 yeast, and viruses. The origin of replication from the plasmid pBR322 

is suitable for most Gram-negative bacteria, the 2|i plasmid origin is 
suitable for yeast, and various viral origins (SV40, polyoma, 
adenovirus, VSV or BPV) are useful for cloning vectors in mammalian 
cells. Generally, the origin of replication component is not needed for 
15 mammalian expression vectors (the SV40 origin may typically be used 
because it contains the early promoter) . 

Most expression vectors are "shuttle" vectors, i.e., they are 
capable of replication in at least one class of organisms but can be 
transfected into another organism for expression. For example, a vector 
gi 20 is cloned in E. coli and then the same vector is transfected into yeast 

O or mammalian cells for expression even though it is not capable of 

o 

r": replicating independently of the host cell chromosome. 
Jr DNA may also be amplified by insertion into the host genome, 

p, This is readily accomplished using Bacillus species as hosts, for 
*Z 25 example, by including in the vector a DNA sequence that is complementary 

s to a sequence found in Bacillus genomic DNA. Transfection of Bacillus 

O with this vector results in homologous recombination with the genome and 

ry 

£ insertion of Apo-2 DNA. However, the recovery of genomic DNA encoding 

j\ • Apo-2 is more complex than that of an exogenously replicated vector 
f) 30 because restriction enzyme digestion is required to excise the Apo-2 
m DNA. 

(iii) Selection Gene Component 
Expression and cloning vectors typically contain a selection 
gene, also termed a selectable marker. This gene encodes a protein 

35 necessary for the survival or growth of transformed host cells grown in 
a selective culture medium. Host cells not transformed with the vector 
containing the selection gene will not survive in the culture medium. 
Typical selection genes encode proteins that (a) confer resistance to 
antibiotics or other toxins, e.g., ampicillin, neomycin, methotrexate, 

40 or tetracycline, (b) complement auxotrophic deficiencies, or (c) supply 
critical nutrients not available from complex media, e.g., the gene 
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5 encoding D-alanine racemase for Bacilli. 

One example of a selection scheme utilizes a drug to arrest 
growth of a host cell. Those cells that are successfully transformed 
with a heterologous gene produce a protein conferring drug resistance 
and thus survive the selection regimen. Examples of such dominant 

10 selection use the drugs neomycin [Southern et al., J. Molec. Appl. 
Genet . , 1:327 (1982)], mycophenolic acid (Mulligan et al., Science , 
209:1422 (1980)] or hygromycin [Sugden et al., MoT. Cell. Biol. , 5:410- 
413 (1985)]. The three examples given above employ bacterial genes 
under eukaryotic control to convey resistance to the appropriate drug 

15 G418 or neomycin (geneticin) , xgpt (mycophenolic acid), or hygromycin, 
respectively. 

Another example of suitable selectable markers for mammalian 
cells are those that enable the identification of cells competent to 
take up the Apo-2 nucleic acid, such as DHFR or thymidine kinase. The 
^ 20 mammalian cell transformants are placed under selection pressure that 

□ only the transformants are uniquely adapted to survive by virtue of 

□ having taken up the marker. Selection pressure is imposed by culturing 
J the transformants under conditions in which the concentration of 
Cl selection agent in the medium is successively changed, thereby leading 
M 25 to amplification of both the selection gene and the DNA that encodes 

Apo-2. Amplification is the process by which genes in greater demand 
for the production of a protein critical for growth are reiterated in 
tandem within the chromosomes of successive generations of recombinant 
cells. Increased quantities of Apo-2 are synthesized from the amplified 
30 DNA. Other examples of amplifiable genes include metallothionein-I and 
-II, adenosine deaminase, and ornithine decarboxylase. 

Cells transformed with the DHFR selection gene may first be 
identified by culturing all of the transformants in a culture medium 
that contains methotrexate (Mtx) , a competitive antagonist of DHFR. An 
35 appropriate host cell when wild-type DHFR is employed is the Chinese 
hamster ovary (CHO) cell line deficient in DHFR activity, prepared and 
propagated as described by Urlaub et al . , Proc. Natl. Acad. Sci. USA , 
77:4216 (1980) . The transformed cells are then exposed to increased 
levels of methotrexate. This leads to the synthesis of multiple copies 
40 of the DHFR gene, and, concomitantly, multiple copies of other DNA 
comprising the expression vectors, such as the DNA encoding Apo-2. This 
amplification technique can be used with any otherwise suitable host, 
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5 e.g., ATCC No. CCL61 CH0-K1, notwithstanding the presence of endogenous 
DHFR if, for example, a mutant DHFR gene that is highly resistant to Mtx 
is employed (EP 117,060). 

Alternatively, host cells (particularly wild-type hosts that 
contain endogenous DHFR) transformed or co-transformed with DNA 
10 sequences encoding Apo-2, wild-type DHFR protein, and another selectable 
marker such as aminoglycoside 3 • -phosphotransferase (APH) can be 
selected by cell growth in medium containing a selection agent for the 
selectable marker such as an aminoglycosidic antibiotic, e.g., 
kanamycin, neomycin, or G418. See U.S. Patent No. 4,965,199. 
15 A suitable selection gene for use in yeast is the trpl gene 

present in the yeast plasmid YRp7 [Stinchcomb et al., Nature, 282:39 
(1979); Kingsman et al., Gene , 7:141 (1979); Tschemper et al., Gene , 
10:157 (1980)] . The trpl gene provides a selection marker for a mutant 
strain of yeast lacking the ability to grow in tryptophan, for example, 
„ 20 ATCC No. 44076 or PEP4-1 [Jones, Genetics , 81:12 (1977)]. The presence 
p of the trpl lesion in the yeast host cell genome then provides an 

O effective environment for detecting transformation by growth in- the 

;! absence of tryptophan. Similarly, Leu2 -deficient yeast strains (ATCC 

jj, 20,622 or 38,626) are complemented by known plasmids bearing the Leu2 

M 25 gene. 

In addition, vectors derived from the 1.6 (am circular plasmid 
O pKDl can be used for transformation of JCIuyverojnyces yeasts [Bianchi et 

ll? al., Curr. Genet. , 12:185 (1987)]. More recently, an expression system 

,J for large-scale production of recombinant calf chymosin was reported for 

C= 30 K. lactis [Van den Berg, Bio/Technology, 8:135 (1990)]. Stable multi- 
IB copy expression vectors for secretion of mature recombinant human serum 
albumin by industrial strains of Kluyveromyces have also been disclosed 
[Fleer et al., Bio/Technology, 9:968-975 (1991)]. 

(iv) Promoter Component 
35 Expression and cloning vectors usually contain a promoter 

that is recognized by the host organism and is operably linked to the 
Apo-2 nucleic acid sequence. Promoters are untranslated sequences 
located upstream (5') to the start codon of a structural gene (generally 
within about 100 to 1000 bp) that control the transcription and 
40 translation of particular nucleic acid sequence, such as the Apo-2 
nucleic acid sequence, to which they are operably linked. Such 
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5 promoters typically fall into two classes, inducible and constitutive. 
Inducible promoters are promoters that initiate increased levels of 
transcription from DNA under their control in response to some change in 
culture conditions, e.g., the presence or absence of a nutrient or a 
change in temperature. At this time a large number of promoters 

10 recognized by a variety of potential host cells are well known. These 
promoters are operably linked to Apo-2 encoding DNA by removing the 
promoter from the source DNA by restriction enzyme digestion and 
inserting the isolated promoter sequence into the vector. Both the 
native Apo-2 promoter sequence and many heterologous promoters may be 

15 used to direct amplification and/or expression of the Apo-2 DNA. 

Promoters suitable for use with prokaryotic hosts include the 

(3- lactamase and lactose promoter systems [Chang et al., Nature, 275 :615 
(1978); Goeddel et al., Nature, 281:544 (1979)], alkaline phosphatase, a 
tryptophan (trp) promoter system [Goeddel, Nucleic Acids Res. , 8:4057 
01 20 (1980); EP 36,776], and hybrid promoters such as the tac promoter 
[deBoer et al., Proc. Natl. Acad. Sci. USA , 80:21-25 (1983)]. However, 
other known bacterial promoters are suitable. Their nucleotide 
=p sequences have been published, thereby enabling a skilled worker 

T operably to ligate them to DNA encoding Apo-2 [Siebenlist et al., Cell , 

i§3 25 2.0:269 (1980)] using linkers or adaptors to supply any required 
s restriction sites. Promoters for use in bacterial systems also will 

^ contain a Shine -Dalgarno (S.D.) sequence operably linked to the DNA 

^ encoding Apo-2. 

•gy Promoter sequences are known for eukaryotes. Virtually all 

%y 30 eukaryotic genes have an AT-rich region located approximately 25 to 30 
w bases upstream from the site where transcription is initiated. Another 

sequence found 70 to 80 bases upstream from the start of transcription 
of many genes is a CXCAAT region where X may be any nucleotide. At the 
3' end of most eukaryotic genes is an AATAAA sequence that may be the 
35 signal for addition of the poly A tail to the 3' end of the coding 
sequence. All of these sequences are suitably inserted into eukaryotic 
expression vectors. 

Examples of suitable promoting sequences for use with yeast 
hosts include the promoters for 3-phosphoglycerate kinase [Hitzeman et 
40 al., J. Biol. Chem. , 255 :2073 (1980)] or other glycolytic enzymes [Hess 
et al., J . Adv . Enzyme Reg . , 2: 149 (1968); Holland, Biochemistry, 
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5 17:4900 (1978)], such as enolase, glyceraldehyde-3 -phosphate 
dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, 
glucose- 6 -phosphate isomerase, 3-phosphoglycerate mutase, pyruvate 
kinase, triosephosphate isomerase, phosphoglucose isomerase, and 
glucokinase . 

10 Other yeast promoters, which are inducible promoters having 

the additional advantage of transcription controlled by growth 
conditions, are the promoter regions for alcohol dehydrogenase 2, 
isocytochrome C, acid phosphatase, degradative enzymes associated with 
nitrogen metabolism, metallothionein, glyceraldehyde-3 -phosphate 
15 dehydrogenase, and enzymes responsible for maltose and galactose 
utilization. Suitable vectors and promoters for use in yeast expression 
are further described in EP 73,657. Yeast enhancers also are 
advantageously used with yeast promoters. 

Apo-2 transcription from vectors in mammalian host cells is 
~ 20 controlled, for example, by promoters obtained from the genomes of 
p viruses such as polyoma virus, fowlpox virus (UK 2,211,504 published 5 

Q July 1989) , adenovirus (such as Adenovirus 2) , bovine papilloma virus, 

JZ avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B virus 

and most preferably Simian Virus 40 (SV40) , from heterologous mammalian 
r~ 25 promoters, e.g., the actin promoter or an immunoglobulin promoter, from 
~ heat-shock promoters, and from the promoter normally associated with the 

5 

□ Apo-2 sequence, provided such promoters are compatible with the host 

fU cell systems. 

*z The early and late promoters of the SV40 virus are 

yg 30 conveniently obtained as an SV40 restriction fragment that also contains 
ffl the SV40 viral origin of replication [Fiers et al., Nature , 273:113 

(1978); Mulligan and Berg, Science , 209:1422-1427 (1980); Pavlakis et 
al., Proc. Natl. Acad. Sci. USA , 78:7398-7402 (1981)]. The immediate 
early promoter of the human cytomegalovirus is conveniently obtained as 
35 a Hindlll E restriction fragment [Greenaway et al., Gene , 18:355-360 
(1982)] . A system for expressing DNA in mammalian hosts using the bovine 
papilloma virus as a vector is disclosed in U.S. Patent No. 4,419,446. 
A modification of this system is described in U.S. Patent No. 4,601,978 
[See also Gray et al., Nature , 295:503-508 (1982) on expressing cDNA 
40 encoding immune interferon in monkey cells; Reyes et al., Nature , 

297:598-601 (1982) on expression of human p-interferon cDNA in mouse 
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5 cells under the control of a thymidine kinase promoter from herpes 
simplex virus; Canaani and Berg, Proc. Natl. Acad. Sci. USA 79:5166-5170 
(1982) on expression of the human interferon gene in cultured mouse and 
rabbit cells; and Gorman et al., Proc. Natl. Acad. Sci. USA , 79:6777- 
6781 (1982) on expression of bacterial CAT sequences in CV-1 monkey 
10 kidney cells, chicken embryo fibroblasts, Chinese hamster ovary cells, 
HeLa cells, and mouse NIH-3T3 cells using the Rous sarcoma virus long 
terminal repeat as a promoter] . 

(v) Enhancer Element Component 

Transcription of a DNA encoding the Apo-2 of this invention 
15 by higher eukaryotes may be increased by inserting an enhancer sequence 
into the vector. Enhancers are cis-acting elements of DNA, usually 
about from 10 to 300 bp, that act on a promoter to increase its 
transcription. Enhancers are relatively orientation and position 
independent , having been found 5 1 [Laimins et al . , Proc. Natl. Acad. 
^ 20 Sci. USA , 78:993 (1981]) and 3« [Lusky et al., Mol. Cell Bio. , 3:1108 
p (1983]) to the transcription unit, within an intron [Banerji et al., 

H Cell , 33:729 (1983)], as well as within the coding sequence itself 

2 [Osborne et al., Mol. Cell Bio. , 4:1293 (1984)]. Many enhancer 

sequences are now known from mammalian genes (globin, elastase, albumin, 
ri 25 ct-fetoprotein, and insulin) . Typically, however, one will use an 
s enhancer from a eukaryotic cell virus. Examples include the SV40 

D enhancer on the late side of the replication origin (bp 100-270), the 

IT cytomegalovirus early promoter enhancer, the polyoma enhancer on the 

late side of the replication origin, and adenovirus enhancers. See also 
*S 30 Yaniv, Nature , 297 :17-18 (1982) on enhancing elements for activation of 
~ J eukaryotic promoters. The enhancer may be spliced into the vector at a 

position 5 1 or 3 ' to the Apo-2 coding sequence, but is preferably 
located at a site 5 f from the promoter. 

(vi) Transcription Termination Component 

35 Expression vectors used in eukaryotic host cells (yeast, 

fungi, insect, plant, animal, human, or nucleated cells from other 
multicellular organisms) will also contain sequences necessary for the 
termination of transcription and for stabilizing the mRNA. Such 
sequences are commonly available from the 5' and, occasionally 3 f , 

40 untranslated regions of eukaryotic or viral DNAs or cDNAs. These 
regions contain nucleotide segments transcribed as polyadenylated 
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5 fragments in the untranslated portion of the mRNA encoding Apo-2. 

(vii) Construction and Analysis of Vectors 
Construction of suitable vectors containing one or more of 

the above-listed components employs standard ligation techniques. 
Isolated plasmids or DNA fragments are cleaved, tailored, and re-ligated 

10 in the form desired to generate the plasmids required. 

For analysis to confirm correct sequences in plasmids 
constructed, the ligation mixtures can be used to transform E. coli K12 
strain 294 (ATCC 31,446) and successful transformants selected by 
ampicillin or tetracycline resistance where appropriate. Plasmids from 

15 the transformants are prepared, analyzed by restriction endonuclease 
digestion, and/or sequenced by the method of Messing et al., Nucleic 
Acids Res. , £:309 (1981) or by the method of Maxim et al., Methods in 
Enzymoloqy , 65:499 (1980) . 

(viii) Transient Expression Vectors 

_^ 20 Expression vectors that provide for the transient expression 

y i 

q in mammalian cells of DNA encoding Apo-2 may be employed. In general,.. 

D transient expression involves the use of an expression vector that is 

J: able to replicate efficiently in a host cell, such that the host cell 

Cl accumulates many copies of the expression vector and, in turn, 

M 8 25 synthesizes high levels of a desired polypeptide encoded by the 

.fx 

expression vector [Sambrook et al., supra]. Transient expression 
P systems, comprising a suitable expression vector and a host cell, allow 

RJ for the convenient positive identification of polypeptides encoded by 

cloned DNAs, as well as for the rapid screening of such polypeptides for 
30 desired biological or physiological properties. Thus, transient 
fy expression systems are particularly useful in the invention for purposes 

of identifying Apo-2 variants. 

(ix) Suitable Exemplary Vertebrate Cell Vectors 

Other methods, vectors, and host cells suitable for 
35 adaptation to the synthesis of Apo-2 in recombinant vertebrate cell 
culture are described in Gething et al., Nature , 293:620-625 (1981); 
Mantei et al., Nature, 281:40-46 (1979); EP 117,060; and EP 117,058. 
3 . Selection and Transformation of Host Cells 
Suitable host cells for cloning or expressing the DNA in the 
40 vectors herein are the prokaryote, yeast, or higher eukaryote cells 
described above. Suitable prokaryotes for this purpose include but are 
not limited to eubacteria, such as Gram-negative or Gram-positive 

26 



5 organisms, for example, Enterobacteriaceae such as Escherichia, e.g., E. 
coli, Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, e.g., 
Salmonella typhimurium, Serratia, e.g., Serratia marcescans, and 
Shigella, as well as Bacilli such as E. subtilis and B. licheniformis 
(e.g., B. licheniformis 41P disclosed in DD 266,710 published 12 April 
10 1989), Pseudomonas such as P. aeruginosa, and Streptomyces. Preferably, 
the host cell should secrete minimal amounts of proteolytic enzymes. 

In addition to prokaryotes, eukaryotic microbes such as 
filamentous fungi or yeast are suitable cloning or expression hosts for 
Apo- 2 -encoding vectors. Saccharomyces cerevisiae, or common baker's 
15 yeast, is the most commonly used among lower eukaryotic host 
microorganisms. However, a number of other genera, species, and strains 
are commonly available and useful herein. 

Suitable host cells for the expression of glycosylated Apo-2 
are derived from multicellular organisms. Such host cells are capable 
20 of complex processing and glycosylation activities. In principle, any 
higher eukaryotic cell culture is workable, whether from vertebrate or 
invertebrate culture. Examples of invertebrate cells include plant and. 
insect cells. Numerous baculoviral strains and variants and 
corresponding permissive insect host cells from hosts such as Spodoptera 
25 frugiperda (caterpillar) , Aedes aegypti (mosquito) , Aedes albopictus 
(mosquito), Drosophila melanogaster (fruitfly), and Bombyx mori have 
been identified [See, e.g., Luckow et al., Bio/Technology, 6:47-55 
(1988); Miller et al., in Genetic Engineering , Setlow et al., eds., Vol. 
8 (Plenum Publishing, 1986), pp. 277-279; and Maeda et al . , Nature, 
g 30 315 :592-594 (1985)]. A variety of viral strains for transfection are 
publicly available, e.g., the L-l variant of Autographa calif ornica NPV 
and the Bm-5 strain of Bombyx mori NPV. 

Plant cell cultures of cotton, corn, potato, soybean, 
petunia, tomato, and tobacco can be utilized as hosts. Typically, plant 
35 cells are transfected by incubation with certain strains of the 
bacterium Agrobacterium tumefaciens. During incubation of the plant 
cell culture with A. tumefaciens, the DNA encoding the Apo-2 can be 
transferred to the plant cell host such that it is transfected, and 
will, under appropriate conditions, express the Apo-2 -encoding DNA. In 
40 addition, regulatory and signal sequences compatible with plant cells 
are available, such as the nopaline synthase promoter and 
polyadenylation signal sequences [Depicker et al., J. Mol. Appl. Gen. , 
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5 1:561 (1982)]. In addition, DNA segments isolated from the upstream 
region of the T-DNA 780 gene are capable of activating or increasing 
transcription levels of plant -expressible genes in recombinant DNA- 
containing plant tissue [EP 321,196 published 21 June 1989] . 

Propagation of vertebrate cells in culture (tissue culture) 
10 is also well known in the art [See, e.g., Tissue Culture , Academic 
Press, Kruse and Patterson, editors (1973)]. Examples of useful 
mammalian host cell lines are monkey kidney CV1 line transformed by SV40 
(COS-7, ATCC CRL 1651); human embryonic kidney line (293 or 293 cells 
subcloned for growth in suspension culture, Graham et al., J. Gen 
15 Virol. , 36:59 (1977)); baby hamster kidney cells (BHK, ATCC CCL 10); 
Chinese hamster ovary cells/-DHFR (CHO, Urlaub and Chasin, Proc. Natl. 
Acad. Sci. USA , 77:4216 (1980)); mouse Sertoli cells (TM4, Mather, Biol. 
Reprod. , 23:243-251 (1980)); monkey kidney cells (CV1 ATCC CCL 70); 
African green monkey kidney cells (VER0-76, ATCC CRL- 15 87 ) ; human 
- 20 cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, 
□ ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human 

O lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065); 

2 mouse mammary tumor (MMT 060562, ATCC CCL51) ; TRI cells (Mather et al., 

4 Annals N.Y. Acad. Sci. , 381:44-68 (1982)); MRC 5 cells; and FS4 cells. 

H= 25 Host cells are transfected and preferably transformed with 

the above-described expression or cloning vectors for Apo-2 production 

s 

q and cultured in conventional nutrient media modified as appropriate for 

Py inducing promoters, selecting transformants, or amplifying the genes 

*f encoding the desired sequences. 

.q 30 Transfection refers to the taking up of an expression vector 

ffl by a host cell whether or not any coding sequences are in fact 

expressed. Numerous methods of transfection are known to the ordinarily 
skilled artisan, for example, CaP0 4 and electroporation. Successful 
transfection is generally recognized when any indication of the 
35 operation of this vector occurs within the host cell. 

Transformation means introducing DNA into an organism so that 
the DNA is replicable, either as an extrachromosomal element or by 
chromosomal integrant. Depending on the host cell used, transformation 
is done using standard techniques appropriate to such cells. The 
40 calcium treatment employing calcium chloride, as described in Sambrook 
et al., supra , or electroporation is generally used for prokaryotes or 
other cells that contain substantial cell-wall barriers. Infection with 
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Agrobacterium tumefaciens is used for transformation of certain plant 
cells, as described by Shaw et al., Gene , 23:315 (1983) and WO 89/05859 
published 29 June 1989. In addition, plants may be transfected using 
ultrasound treatment as described in WO 91/00358 published 10 January 
1991. 

For mammalian cells without such cell walls, the calcium 
phosphate precipitation method of Graham and van der Eb, Virology , 
52:456-457 (1978) is preferred. General aspects of mammalian cell host 
system transformations have been described in U.S. Pat. No. 4,399,216. 
Transformations into yeast are typically carried out according to the 
method of Van Solingen et al., J. Bact. , 130:946 (1977) and Hsiao et 
al., Proc. Natl. Acad. Sci. (USA) , 76:3829 (1979). However, other 
methods for introducing DNA into cells, such as by nuclear 
microinjection, electroporation, bacterial protoplast fusion with intact 
cells, or polycations, e.gr., polybrene, polyorni thine, may also be used. 
For various techniques for transforming mammalian cells, see Keown et 
al., Methods in Enzvmoloqy , 185 :527-537 (1990) and Mansour et al., 
Nature, 336:348-352 (1988). 

4 . Culturing the Host Cells 

Prokaryotic cells used to produce Apo-2 may be cultured in 
suitable media as described generally in Sambrook et al . , supra . 

The mammalian host cells used to produce Apo-2 may be 
cultured in a variety of media. Examples of commercially available 
media include Ham's F10 (Sigma), Minimal Essential Medium ("MEM", 
Sigma), RPMI-1640 (Sigma), and Dulbecco ! s Modified Eagle's Medium 
( " DMEM " , Sigma). Any such media may be supplemented as necessary with 
hormones and/or other growth factors (such as insulin, transferrin, or 
epidermal growth factor) , salts (such as sodium chloride, calcium, 
magnesium, and phosphate) , buffers (such as HEPES) f nucleosides (such as 
adenosine and thymidine) , antibiotics (such as Gentamycin™ drug) , trace 
elements (defined as inorganic compounds usually present at final 
concentrations in the micromolar range) , and glucose or an equivalent 
energy source. Any other necessary supplements may also be included at 
appropriate concentrations that would be known to those skilled in the 
art. The culture conditions, such as temperature, pH, and the like, are 
those previously used with the host cell selected for expression, and 
will be apparent to the ordinarily skilled artisan. 

In general, principles, protocols, and practical techniques 
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5 for maximizing the productivity of mammalian cell cultures can be found 
in Mammalian Cell Biotechnology: a Practical Approach , M. Butler, ed. 
(IRL Press, 1991) . 

The host cells referred to in this disclosure encompass cells 
in culture as well as cells that are within a host animal. 
10 5. Detecting Gene Amplification/Expression 

Gene amplification and/or expression may be measured in a 
sample directly, for example, by conventional Southern blotting, 
Northern blotting to quantitate the transcription of mRNA [Thomas, Proc. 
Natl, Acad. Sci. USA , T7:5201-5205 (1980)], dot blotting (DNA analysis) , 
15 or in situ hybridization, using an appropriately labeled probe, based on 
the sequences provided herein. Various labels may be employed, most 
commonly radioisotopes, and particularly 32 P. However, other techniques 
may also be employed, such as using biotin-modif ied nucleotides for 
introduction into a polynucleotide. v The biotin then serves as the site 
m 20 for binding to avidin or antibodies, which may be labeled with a wide 
O variety of labels, such as radionucleotides, fluorescers or enzymes. 

O Alternatively, antibodies may be employed that can recognize specific 

J duplexes, including DNA duplexes, RNA duplexes, and DNA-RNA hybrid 

U duplexes or DNA-protein duplexes. The antibodies in turn may be labeled 

25 and the assay may be carried out where the duplex is bound to a surface, 
so that upon the formation of duplex on the surface, the presence of 
antibody bound to the duplex can be detected. 

Gene expression, alternatively, may be measured by 
immunological methods, such as immunohistochemical staining of cells or 
30 tissue sections and assay of cell culture or body fluids, to quantitate 
ffl directly the expression of gene product. With immunohistochemical 

staining techniques, a cell sample is prepared, typically by dehydration 
and fixation, followed by reaction with labeled antibodies specific for 
the gene product coupled, where the labels are usually visually 
35 detectable, such as enzymatic labels, fluorescent labels, or luminescent 
labels. 

Antibodies useful for immunohistochemical staining and/or 
assay of sample fluids may be either monoclonal or polyclonal, and may 
be prepared in any mammal. Conveniently, the antibodies may be prepared 
40 against a native sequence Apo-2 polypeptide or against a synthetic 
peptide based on the DNA sequences provided herein or against exogenous 
sequence fused to Apo-2 DNA and encoding a specific antibody epitope. 
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5 6 . Purification of Apo-2 Polypeptide 

Forms of Apo-2 may be recovered from culture medium or from 
host cell lysates. If the Apo-2 is membrane -bound, it can be released 
from the membrane using a suitable detergent solution (e.g. Triton-X 
100) or its extracellular domain may be released by enzymatic cleavage. 
10 When Apo-2 is produced in a recombinant cell other than one 

of human origin, the Apo-2 is free of proteins or polypeptides of human 
origin. However, it may be desired to purify Apo-2 from recombinant 
cell proteins or polypeptides to obtain preparations that are 
substantially homogeneous as to Apo-2. As a first step, the culture 
15 medium or lysate may be centrifuged to remove particulate cell debris. 
Apo-2 thereafter is purified from contaminant soluble proteins and 
polypeptides, with the following procedures being exemplary of suitable 
purification procedures: by fractionation on an ion-exchange column; 
ethanol precipitation; reverse phase HPLC; chromatography on silica or 
m 20 on a cation-exchange resin such as DEAE; chromatofocusing; SDS-PAGE; 
Q ammonium sulfate precipitation; gel filtration using, for example, 

0 Sephadex G-75; and protein A Sepharose columns to remove contaminants 

1 such as IgG. 
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M Apo-2 variants in which residues have been deleted, inserted, 

^3 25 or substituted can be recovered in the same fashion as native sequence 

" : Apo-2, taking account of changes in properties occasioned by the 

p variation. For example, preparation of an Apo-2 fusion with another 

[y protein or polypeptide, e.g., a bacterial or viral antigen, 

^ immunoglobulin sequence, or receptor sequence, may facilitate 

J3 30 purification; an immunoaf f inity column containing antibody to the 

S sequence can be used to adsorb the fusion polypeptide. Other types of 



affinity matrices also can be used. 

A protease inhibitor such as phenyl methyl sulfonyl fluoride 

(PMSF) also may be useful to inhibit proteolytic degradation during 
35 purification, and antibiotics may be included to prevent the growth of 

adventitious contaminants. One skilled in the art will appreciate that 

purification methods suitable for native sequence Apo-2 may require 

modification to account for changes in the character of Apo-2 or its 

variants upon expression in recombinant cell culture. 
40 7 . Covalent Modifications of Apo-2 Polypeptides 

Covalent modifications of Apo-2 are included within the scope 

of this invention. One type of covalent modification of the Apo-2 is 
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5 introduced into the molecule by reacting targeted amino acid residues of 
the Apo-2 with an organic derivatizing agent that is capable of reacting 
with selected side chains or the N- or O terminal residues of the Apo- 
2. 

Derivatization with bifunctional agents is useful for 
10 crosslinking Apo-2 to a water-insoluble support matrix or surface for 
use in the method for purifying anti-Apo-2 antibodies, and vice-versa. 
Derivatization with one or more bifunctional agents will also be useful 
for crosslinking Apo-2 molecules to generate Apo-2 dimers. Such dimers 
may increase binding avidity and extend half -life of the molecule in 
15 vivo. Commonly used crosslinking agents include, e.g., 1, 1-bis (diazo- 
acetyl) -2-phenylethane, glutaraldehyde, N-hydroxysuccinimide esters, for 
example, esters with 4-azidosalicylic acid, homobifunctional 
imidoesters, including disuccinimidyl esters such as 3 , 3 ' -dithiobis- 
(succinimidylpropionate) , and bifunctional maleimides such as bis-N- 
m 20 maleimido-l, 8-octane. Derivatizing agents such as methyl-3- [ (p- 
p azidophenyl)dithio]propioimidate yield photoacti vat able intermediates 

S that are capable of forming crosslinks in the presence of light. 

~ Alternatively, reactive water- insoluble matrices ; such as cyanogen 

Q bromide-activated carbohydrates and the reactive substrates described in 

M= 25 U.S. Patent Nos. 3,969,287; 3,691,016; 4,195,128; 4,247,642; 4,229,537; 
and 4,330,440 are employed for protein immobilization. 

Other modifications include deamidation of glutaminyl and 
FU asparaginyl residues to the corresponding glutamyl and aspartyl 

^ residues, respectively, hydroxylation of proline and lysine, 

gg 30 phosphorylation of hydroxyl groups of seryl or threonyl residues, 

^ methylation of the a-amino groups of lysine, arginine, and histidine 

side chains [T.E. Creighton, Proteins: Structure and Molecular 
Properties , W.H. Freeman & Co., San Francisco, pp. 79-86 (1983)], 
acetylation of the N- terminal amine, and amidation of any C- terminal 

35 carboxyl group. The modified forms of the residues fall within the 
scope of the present invention. 

Another type of covalent modification of the Apo-2 
polypeptide included within the scope of * this invention comprises 
altering the native glycosylation pattern of the polypeptide. "Altering 

40 the native glycosylation pattern" is intended for purposes herein to 
mean deleting one or more carbohydrate moieties found in native sequence 
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5 Apo-2, and/or adding one or more glycosylation sites that are not 
present in the native sequence Apo-2. 

Glycosylation of polypeptides is typically either N-linked or 
O-linked. N-linked refers to the attachment of the carbohydrate moiety 
to the side chain of an asparagine residue. The tripeptide sequences 

10 asparagine-X-serine and asparagine-X- threonine, where X is any amino 
acid except proline, are the recognition sequences for enzymatic 
attachment of the carbohydrate moiety to the asparagine side chain. 
Thus, the presence of either of these tripeptide sequences in a 
polypeptide creates a potential glycosylation site. O-linked 

15 glycosylation refers to the attachment of one of the sugars N- 
aceylgalactosamine, galactose, or xylose to a hydroxylamino acid, most 
commonly serine or threonine, although 5-hydroxyproline or 5- 
hydroxylysine may also be used. 

Addition of glycosylation sites to the Apo-2 polypeptide may 

~ 20 be accomplished by altering the amino acid sequence such that it 

y » 

□ contains one or more of the above -described tripeptide sequences (for N- 

D linked glycosylation sites). The alteration may also be made by . the 

i addition of, or substitution by, one or more serine or threonine 

=== 

y, residues to the native sequence Apo-2 (for O-linked glycosylation 

M 25 sites) . The Apo-2 amino acid sequence may optionally be altered through 
^ changes at the DNA level, particularly by mutating the DNA encoding the 

p Apo-2 polypeptide at preselected bases such that codons are generated 

fU that will translate into the desired amino acids. The DNA mutation (s) 

4? may be made using methods described above and in U.S. Pat. No. 

30 5,364,934, supra , 
ffi Another means of increasing the number of carbohydrate 

moieties on the Apo-2 polypeptide is by chemical or enzymatic coupling 
of glycosides. to the polypeptide. Depending on the coupling mode used, 
the sugar (s) may be attached to (a) arginine and histidine, (b) free 
35 carboxyl groups, (c) free sulfhydryl groups such as those of cysteine, 
(d) free hydroxyl groups such as those of serine, threonine, or 
hydroxyproline, (e) aromatic residues such as those of phenylalanine, 
tyrosine, or tryptophan, or (f) the amide group of glutamine. These 
methods are described in WO 87/05330 published 11 September 1987, and in 
40 Aplin and Wriston, CRC Crit. Rev. Biocheni. , pp. 259-306 (1981). 

Removal of carbohydrate moieties present on the Apo-2 
polypeptide may be accomplished chemically or enzymatically or by 
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5 mutational substitution of codons encoding for amino acid residues that 
serve as targets for glycosylation. For instance, chemical 
deglycosylation by exposing the polypeptide to the compound 
trif luoromethanesulfonic acid, or an equivalent compound can result in 
the cleavage of most or all sugars except the linking sugar (N- 

10 acetylglucosamine or N-acetylgalactosamine) , while leaving the 
polypeptide intact. Chemical deglycosylation is described by 
Hakimuddin, et al., Arch. Biochem. Biophvs. , 259:52 (1987) and by Edge 
et al., Anal. Biochem. , 118:131 (1981). Enzymatic cleavage of 
carbohydrate moieties on polypeptides can be achieved by the use of a 

15 variety of endo- and exo-glycosidases as described by Thotakura et al., 
Meth. Enzvmol. , 138:350 (1987). 

Glycosylation at potential glycosylation sites may be 
prevented by the use of the compound tunicamycin as described by Duskin 
et al., J. Biol. Chem. , 257 :3105 (1982). Tunicamycin blocks the 
^ 20 formation of protein-N-glycoside linkages. 

p Another type of covalent modification of Apo-2 comprises 

□ linking the Apo-2 polypeptide to one of a variety of nonproteinaceous 

2 polymers, e.g., polyethylene glycol, polypropylene glycol, or 

polyoxyalkylenes, in the manner set forth in U.S. Patent Nos. 4,640,835; 
M* 25 4,496,689; 4,301,144; 4,670,417; 4,791,192 or 4,179,337. 

8. Apo-2 Chimeras 

Q The present invention also provides chimeric molecules 

[y comprising Apo-2 fused to another, heterologous polypeptide or amino 

~z acid sequence. 

Jq 30 In one embodiment, the chimeric molecule comprises a fusion 

B of the Apo-2 with a tag polypeptide which provides an epitope to which 

an anti-tag antibody can selectively bind. The epitope tag is generally 
placed at the amino- or carboxyl- terminus of the Apo-2. The presence 
of such epitope-tagged forms of the Apo-2 can be detected using an 
35 antibody against the tag polypeptide. Also, provision of the epitope 
tag enables the Apo-2 to be readily purified by affinity purification 
using an anti-tag antibody or another type of affinity matrix that binds 
to the epitope tag. 

Various tag polypeptides and their respective antibodies are 
40 well known in the art. Examples include the flu HA tag polypeptide and 
its antibody 12CA5 [Field et al., Mol. Cell. Biol. , 8:2159-2165 (1988)]; 
the c-myc tag and the 8F9, 3C7, 6E10, G4, B7 and 9E10 antibodies thereto 
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5 [Evan et al., Molecular and Cellular Biology , 5:3610-3616 (1985)]; and 
the Herpes Simplex virus glycoprotein D (gD) tag and its antibody 
[Paborsky et al., Protein Engineering , 3 (6) :547-553 (1990)]. Other tag 
polypeptides include the Flag-peptide [Hopp et al., BioTechnology, 
6:1204-1210 (1988)]; the KT3 epitope peptide [Martin et al., Science , 

10 255 :192-194 (1992)]; an a-tubulin epitope peptide [Skinner et al., J. 
Biol. Chem. , 266:15163-15166 (1991)]; and the T7 gene 10 protein peptide 
tag [Lutz-Freyermuth et al., Proc. Natl. Acad. Sci. USA , 87: 6393-6397 
(1990)]. Once the tag polypeptide has been selected, an antibody 
thereto can be generated using the techniques disclosed herein. 
15 Generally, epitope- tagged Apo-2 may be constructed and 

produced according to the methods described above. Epitope- tagged Apo-2 
is also described in the Examples below. Apo-2-tag polypeptide fusions 
are preferably constructed by fusing the cDNA sequence encoding the Apo- 
2 portion in- frame to the tag polypeptide DNA sequence and expressing 
m 20 the resultant DNA fusion construct in appropriate host cells. 
O Ordinarily, when preparing the Apo-2-tag polypeptide chimeras of the 

r\ present invention, nucleic acid encoding the Apo-2 will be fused at its 

j: 3' end to nucleic acid encoding the N- terminus of the tag polypeptide, 

N 5 however 5* fusions are also possible. For example, a polyhistidine 

25 sequence of about 5 to about 10 histidine residues may be fused at the 
~ N- terminus or the C- terminus and used as a purification handle in 

O' affinity chromatography. 

ft ; 

lr Epitope-tagged Apo-2 can be purified by affinity 

j=j chromatography using the anti-tag antibody. The matrix to which the 

*Q 30 affinity antibody is attached may include, for instance, agarose, 
controlled pore glass or poly (styrenedivinyl) benzene. The epitope- 
tagged Apo-2 can then be eluted from the affinity column using 
techniques known in the art. 

In another embodiment, the chimeric molecule comprises an 
35 Apo-2 polypeptide fused to an immunoglobulin sequence. The chimeric 
molecule may also comprise a particular domain sequence of Apo-2, such 
as the extracellular domain sequence of native Apo-2 fused to an 
immunoglobulin sequence. This includes chimeras in monomeric, homo- or 
heteromultimeric, and particularly homo- or heterodimeric, or - 
40 tetrameric forms; optionally, the chimeras may be in dimeric forms or 
homodimeric heavy chain forms. Generally, these assembled 
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immunoglobulins will have known unit structures as represented by the 
following diagrams. 
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A basic four chain structural unit is the form in which IgG, 
IgD, and IgE exist. A four chain unit is repeated in the higher 
40 molecular weight immunoglobulins; IgM generally exists as a pentamer of 
basic four-chain units held together by disulfide bonds. IgA globulin, 
and occasionally IgG globulin, may also exist in a multimeric form in 
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serum. In the case of multimers, each four chain unit may be the same 
or different. 

The following diagrams depict some exemplary monomer, homo- 
and heterodimer and homo- and heteromultimer structures. These diagrams 
are merely illustrative, and the chains of the multimers are believed to 
be disulfide bonded in the same fashion as native immunoglobulins. 
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In the foregoing diagrams, "A" means an Apo-2 sequence or an 
Apo-2 sequence fused to a heterologous sequence; X is an additional 
agent, which may be the same as A or different, a portion of an 
immunoglobulin superfamily member such as a variable region or a 
20 variable region-like domain, including a native or chimeric 

O 

P immunoglobulin variable region, a toxin such a pseudomonas exotoxin or 

S| ricin, or a sequence functionally binding to another protein, such as 

77 other cytokines (i.e., IL-1, interferon-y) or cell surface molecules 

U (i.e., NGFR, CD40, OX40, Fas antigen, T2 proteins of Shope and myxoma 

S 25 poxviruses) , or a polypeptide therapeutic agent not otherwise normally 
L associated with a constant domain; Y is a linker or another receptor 

nj sequence; and V L , V H , C L and C H represent light or heavy chain variable 

or constant domains of an immunoglobulin. Structures comprising at 
least one CRD of an Apo-2 sequence as "A" and another cell -surface 
gj 30 protein having a repetitive pattern of CRDs (such as TNFR) as "X" are 
specifically included. 

It will be understood that the above diagrams are merely 
exemplary of the possible structures of the chimeras of the present 
invention, and do not encompass all possibilities. For example, there 
35 might desirably be several different ,r A"s, "X"s, or "Y"s in any of these 
constructs. Also, the heavy or light chain constant domains may be 
originated from the same or different immunoglobulins. All possible 
permutations of the illustrated and similar structures are all within 
the scope of the invention herein. 
40 In general, the chimeric molecules can be constructed in a 

fashion similar to chimeric antibodies in which a variable domain from 
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5 an antibody of one species is substituted for the variable domain of 
another species. See, for example, EP 0 125 023; EP 173,494; Munro, 
Nature, 312:597 (13 December 1984); Neuberger et al., Nature , 312:604- 
608 (13 December 1984); Sharon et al., Nature, 309:364-367 (24 May 
1984); Morrison et al., Proc. Nat'l. Acad. Sci. USA , 81:6851-6855 
10 (1984); Morrison et al., Science , 22jhl202-1207 (1985); Boulianne et 
al., Nature , 112:643-646 (13 December 1984); Capon et al., Nature , 
337:525-531 (1989); Traunecker et al., Nature , 339:68-70 (1989). 

Alternatively, the chimeric molecules may be constructed as 
follows. The DNA including a region encoding the desired sequence, such 
15 as an Apo-2 and/or TNFR sequence, is cleaved by a restriction enzyme at 
or proximal to the 3 1 end of the DNA encoding the immunoglobulin- like 
domain (s) and at a point at or near the DNA encoding the N- terminal end 
of the Apo-2 or TNFR polypeptide (where use of a different leader is 
contemplated) or at or proximal to the N-terminal coding region for TNFR 
£ zO (where the native signal is employed) . This DNA fragment then is 
q readily inserted proximal to DNA encoding an immunoglobulin light or 

St heavy chain constant region and, if necessary, the resulting construct 

tailored by deletional mutagenesis. Preferably, the Ig is a human 
immunoglobulin when the chimeric molecule is intended for in vivo 
-fl 25 therapy for humans. DNA encoding immunoglobulin light or heavy chain 
constant regions is known or readily available from cDNA libraries or is 
synthesized. See for example, Adams et al., Biochemistry, 19:2711-2719 
Q (1980); Gough et al . , Biochemistry, 19:2702-2710 (1980); Dolby et al., 

4f Proc. Natl. Acad. Sci.. USA , 77:6027-6031 (1980); Rice et al., Proc. 

~ 30 Natl. Acad. Sci. , 79:7862-7865 (1982); Falkner et al., Nature , 298:286- 
288 (1982); and Morrison et al., Ann. Rev. Immunol. , 2:239-256 (1984). 

Further details of how to prepare such fusions are found in 
publications concerning the preparation of immunoadhesins . 
Immunoadhesins in general, and CD4-Ig fusion molecules specifically are 
35 disclosed in WO 89/02922, published 6 April 1989) . Molecules comprising 
the extracellular portion of CD4, the receptor for human 
immunodeficiency virus (HIV) , linked to IgG heavy chain constant region 
are known in the art and have been found to have a markedly longer half- 
life and lower clearance than the soluble extracellular portion of CD 4 
40 [Capon et al., supra ; Byrn et al., Nature, 344:667 (1990)]. The 
construction of specific chimeric TNFR- IgG molecules is also described 
in Ashkenazi et al. Proc. Natl. Acad. Sci. , 88:10535-10539 (1991); 
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Lesslauer et al. [ J, Cell. Biochem. Supplement 15F , 1991, p. 115 (P 
432)]; and Peppel and Beutler, J. Cell. Biochem. Supplement 15F , 1991, 
p. 118 (P 439)] . 



B. Therapeutic and Non- therapeutic Uses for Apo-2 
10 Apo-2, as disclosed in the present specification, can be 

employed therapeutically to induce apoptosis in mammalian cells. This 
therapy can be accomplished for instance, using in vivo or ex vivo gene 
therapy techniques and includes the use of the death domain sequences 
disclosed herein. The Apo-2 chimeric molecules (including the chimeric 
15 molecules containing an extracellular domain sequence of Apo-2) 
comprising immunoglobulin sequences can also be employed therapeutically 
to inhibit apoptosis or NF-KB induction by Apo-2L or by another ligand 
that Apo-2 binds to. 

The Apo-2 of the invention also has utility in non- 
01 

p 20 therapeutic applications. Nucleic acid sequences Encoding the Apo-2 may 
O be used as a diagnostic for tissue-specific typing. For example, 

procedures like in situ hybridization, Northern and Southern blotting, 
y. and PCR analysis may be used to determine whether DNA and/or RNA 

U encoding Apo-2 is present in the cell type(s) being evaluated. Apo-2 

25 nucleic acid will also be useful for the preparation of Apo-2 by the 
recombinant techniques described herein. 



s 

D 

fy The isolated Apo-2 may be used in quantitative diagnostic 

U assays as a control against which samples containing unknown quantities 

/S of Apo-2 may be prepared. Apo-2 preparations are also useful in 

CO 30 generating antibodies, as standards in assays for Apo-2 (e.g., by 
labeling Apo-2 for use as a standard in a radioimmunoassay, 
radioreceptor assay, or enzyme-linked immunoassay) , in affinity 
purification techniques, and in competitive- type receptor binding assays 
when labeled with, for instance, radioiodine, enzymes, or f luorophores . 
35 Modified forms of the Apo-2, such as the Apo-2-IgG chimeric 

molecules (immunoadhesins) described above, can be used as immunogens in 
producing anti -Apo-2 antibodies. 

Nucleic acids which encode Apo-2 or its modified forms can 
also be used to generate either transgenic animals or "knock out" 
40 animals which, in turn, are useful in the development and screening of 
therapeutically useful reagents. A transgenic animal (e.g., a mouse or 
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rat) is an animal having cells that contain a transgene, which transgene 
was introduced into the animal or an ancestor of the animal at a 
prenatal, e.g., an embryonic stage. A transgene is a DNA which is 
integrated into the genome of a cell from which a transgenic animal 
develops. In one embodiment, cDNA encoding Apo-2 or an appropriate 
sequence thereof (such as Apo-2-IgG) can be used to clone genomic DNA 
encoding Apo-2 in accordance with established techniques and the genomic 
sequences used to generate transgenic animals that contain cells which 
express DNA encoding Apo-2. Methods for generating transgenic animals, 
particularly animals such as mice or rats, have become conventional in 
the art and are described, for example, in U.S. Patent Nos. 4,736,866 
and 4,870,009. Typically, particular cells would be targeted for Apo-2 
transgene incorporation with tissue-specific enhancers. Transgenic 
animals that include a copy of a transgene encoding Apo-2 introduced 
into the germ line of the animal at an embryonic stage can be used to 
examine the effect of increased expression of DNA encoding Apo-2. Such 
animals can be used as tester animals for reagents thought to confer 
protection from, for example, pathological conditions associated with 
excessive apoptosis. In accordance with this facet of the invention, an 
animal is treated with the reagent and a reduced incidence of the 
pathological condition, compared to untreated animals bearing the 
transgene, would indicate a potential therapeutic intervention for the 
pathological condition. In another embodiment, transgenic animals that 
carry a soluble form of Apo-2 such as an Apo-2 ECD or an immunoglobulin 
chimera of such form could be constructed to test the effect of chronic 
neutralization of Apo-2L, a ligand of Apo-2. 

Alternatively, non-human homologues of Apo-2 can be used to 
construct an Apo-2 "knock out" animal which has a defective or altered 
gene encoding Apo-2 as a result of homologous recombination between the 
endogenous gene encoding Apo-2 and altered genomic DNA encoding Apo-2 
introduced into an embryonic cell of the animal. For example, cDNA 
encoding ,Apo-2 can be used to clone genomic DNA encoding Apo-2 in 
accordance with established techniques. A portion of the genomic DNA 
encoding Apo-2 can be deleted or replaced with another gene, such as a 
gene encoding a selectable marker which can be used to monitor 
integration. Typically, several kilobases of unaltered flanking DNA 
(both at the 5' and 3' ends) are included in the vector [see e.g., 
Thomas and Capecchi, Cell , 51:503 (1987) for a description of homologous 
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recombination vectors] . The vector is introduced into an embryonic stem 
cell line (e.g., by electroporation) and cells in which the introduced 
DNA has homologously recombined with the endogenous DNA are selected 
[see e.g., Li et al., Cell , 69:915 (1992)]. The selected cells are then 
injected into a blastocyst of an animal (e.g., a mouse or rat) to form 
aggregation chimeras [see e.g., Bradley, in Teratocarcinomas and 
Embryonic Stem Cells: A Practical Approach, E. J. Robertson, ed. (IRL, 
Oxford, 1987), pp. 113-152]. A chimeric embryo can then be implanted 
into a suitable pseudopregnant female foster animal and the embryo 
brought to term to create a "knock out" animal. Progeny harboring the 
homologously recombined DNA in their germ cells can be identified by 
standard techniques and used to breed animals in which all cells of the 
animal contain the homologously recombined DNA. Knockout animals can be 
characterized for instance, for their ability to defend against certain 
pathological conditions and for their development of pathological 
conditions due to absence of the Apo-2 polypeptide, including for 
example, development of tumors. 

C, Anti-Apo-2 Antibody Preparation 

The present invention further provides anti-Apo-2 antibodies. 
Antibodies against Apo-2 may be prepared as follows. Exemplary 
antibodies include polyclonal, monoclonal, humanized, bispecific, and 
heteroconjugate antibodies. 

1. Polyclonal Antibodies 

The Apo-2 antibodies may comprise polyclonal antibodies. 
Methods of preparing polyclonal antibodies are known to the skilled 
artisan. Polyclonal antibodies can be raised in a mammal, for example, 
by one or more injections of an immunizing agent and, if desired, an 
adjuvant. Typically, the immunizing agent and/or adjuvant will be 
injected in the mammal by multiple subcutaneous or intraperitoneal 
injections. The immunizing agent may include the Apo-2 polypeptide or a 
fusion protein thereof. An example of a suitable immunizing agent is an 
Apo-2-IgG fusion protein, such as an Apo-2 ECD-IgG fusion protein. 
Cells expressing Apo-2 at their surface may also be employed. It may be 
useful to conjugate the immunizing agent to a protein known to be 
immunogenic in the mammal being immunized. Examples of such immunogenic 
proteins which may be employed include but are not limited to keyhole 
limpet hemocyanin, serum albumin, bovine thyroglobulin, and soybean 
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5 trypsin inhibitor. An aggregating agent such as alum may also be 
employed to enhance the mammal's immune response. Examples of adjuvants 
which may be employed include Freund's complete adjuvant and MPL-TDM 
adjuvant (monophosphoryl Lipid A, synthetic trehalose dicorynomycolate) . 
The immunization protocol may be selected by one skilled in the art 
10 without undue experimentation. The mammal can then be bled, and the 
serum assayed for antibody titer. If desired, the mammal can be boosted 
until the antibody titer increases or plateaus. 
2 . Monoclonal Antibodies 

The Apo-2 antibodies may, alternatively, be monoclonal 
15 antibodies. Monoclonal antibodies may be prepared using hybridoma 
methods, such as- those described by Kohler and Milstein, supra . In a 
hybridoma method, a mouse, hamster, or other appropriate host animal, is 
typically immunized (such as described above) with an immunizing agent 
to elicit lymphocytes that produce or are capable of producing 
Jj*J 20 antibodies that will specifically bind to the immunizing agent. 
q Alternatively, the lymphocytes may be immunized in vitro. 

S| The immunizing agent will typically include the Apo-2 

y* polypeptide or a fusion protein thereof. An example of a suitable 

J, immunizing agent is an Apo-2-IgG fusion protein or chimeric molecule. A 

25 specific example of an Apo-2 ECD-IgG immunogen is described in Example 9 

2 below. Cells expressing Apo-2 at their surface may also be employed. 

g 

P y Generally, either peripheral blood lymphocytes ("PBLs") are used if 

Q cells of human origin are desired, or spleen cells or lymph node cells 

k S are used if non-human mammalian sources are desired. The lymphocytes 

30 are then fused with an immortalized cell line using a suitable fusing 
agent, such as polyethylene glycol, to form a hybridoma cell [Goding, 
Monoclonal Antibodies: Principles and Practice , Academic Press, (1986) 
pp. 59-103] . Immortalized cell lines are usually transformed mammalian 
cells, particularly myeloma cells of rodent, bovine and human origin. 
35 Usually, rat or. mouse myeloma cell lines are employed. The hybridoma 
cells may be cultured in a suitable culture medium that preferably 
contains one or more substances that inhibit the growth or survival of 
the unfused, immortalized cells. For example, if the parental 
transformed cells lack the enzyme hypoxanthine guanine phosphoribosyl 
40 transferase (HGPRT or HPRT) , the culture medium for the hybridomas 
typically will include hypoxanthine, aminopterin, and thymidine ("HAT 
medium") , which substances prevent the growth of HGPRT -deficient cells. 
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5 Preferred immortalized cell lines are those that fuse 

efficiently, support stable high level expression of antibody by the 
selected antibody-producing cells, and are sensitive to a medium such as 
HAT medium. More preferred immortalized cell lines are murine myeloma 
lines, which can be obtained, for instance, from the Salk Institute Cell 
10 Distribution Center, San Diego, California and the American Type Culture 
Collection, Rockville, Maryland. Human myeloma and mouse-human 
heteromyeloma cell lines also have been described for the production of 
human monoclonal antibodies [Kozbor, J. Immunol. , 133:3001 (1984); 
Brodeur et al . , Monoclonal Antibody Production Techniques and 
15 Applications, Marcel Dekker, Inc., New York, (1987) pp. 51-63]. 

The culture medium in which the hybridoma cells are cultured 
can then be assayed for the presence of monoclonal antibodies directed 
against Apo-2. Preferably, the binding specificity of monoclonal 
antibodies produced by the hybridoma cells is determined by 
& 20 immunoprecipitation or by an in vitro binding assay, such as 
P radioimmunoassay (RIA) or enzyme-linked immunoabsorbent assay (ELISA) . 

SJ Such techniques and assays are known in the art. The binding affinity 

=t= of the monoclonal antibody can, for example, be determined by the 

i± Scatchard analysis of Munson and Pollard, Anal. Biochem. , 107:220 

Iq 25 (1980) . 

L After the desired hybridoma cells are identified, the clones 

O 

=1 may be subcloned by limiting dilution procedures and grown by standard 

Q methods [Goding, supra ] . Suitable culture media for this purpose 

fl include, for example, Dulbecco's Modified Eagle's Medium and RPMI-1640 

2 30 medium. Alternatively, the hybridoma cells may be grown in vivo as 
ascites in a mammal. 

The monoclonal antibodies secreted by the subclones may be 
isolated or purified from the culture medium or ascites fluid by 
conventional immunoglobulin purification procedures such as, for 
35 example, protein A-Sepharose, hydroxy 1 apatite chromatography, gel 
electrophoresis, dialysis, or affinity chromatography. 

The monoclonal antibodies may also be made by recombinant DNA 
methods, such as those described in U.S. Patent No. 4,816,567. DNA 
encoding the monoclonal antibodies of the invention can be readily 
40 isolated and sequenced using conventional procedures (e.g., by using 
oligonucleotide probes that are capable of binding specifically to genes 
encoding the heavy and light chains of murine antibodies) . The 



5 hybridoma cells of the invention serve as a preferred source of such 
DNA. Once isolated, the DNA may be placed into expression vectors, 
which are then transfected into host cells such as simian COS cells, 
Chinese hamster ovary (CHO) cells, or myeloma cells that do not 
otherwise produce immunoglobulin protein, to obtain the synthesis of 
10 monoclonal antibodies in the recombinant host cells. The DNA also may 
be modified, for example, by substituting the coding sequence for human 
heavy and light chain constant domains in place of the homologous murine 
sequences [U.S. Patent No. 4,816,567; Morrison et al., supra] or by 
covalently joining to the immunoglobulin coding sequence all or part of 
15 the coding sequence for a non- immunoglobulin polypeptide. Such a non- 
immunoglobulin polypeptide can be substituted for the constant domains 
of an antibody of the invention, or can be substituted for the variable 
domains of one antigen- combining site of an antibody of the invention to 
create a chimeric bivalent antibody. 
.01 20 As described in the Examples below, anti-Apo-2 monoclonal. 

1 antibodies have been prepared. One of these antibodies, 3F11.39.7, has 

H been deposited with ATCC and has been assigned deposit accession no. HB- 

J 12456. In one embodiment, the monoclonal antibodies of the invention. 

£ will have the same biological characteristics as the monoclonal 

J 25 antibodies secreted by the hybridoma cell line(s) deposited under 
Accession No. HB-12456. The term "biological characteristics" is used 
O to refer to the in vitro and/or in vivo activities or properties of the 

| monoclonal antibody, such as the ability to specifically bind to A P o-2 

£ or to substantially block, induce or enhance Apo-2 activation. As 

g 30 disclosed in the present specification, the 3F11.39.7 monoclonal 
m antibody (HB-12456) is characterized as having agonistic activity for 

inducing apoptosis, binding to the Apo-2 receptor, having blocking 
activity as described in the Examples below, and having some cross- 
reactivity to DR4 but not to DcRl or DcR2. Optionally, the monoclonal 
35 antibody will bind to the same epitope as the 3F11.39.7 antibody 
disclosed herein. This can be determined by conducting various assays, 
such as described herein and in the Examples. For instance, to 
determine whether a monoclonal antibody has the same specificity as the 
3F11.39.7 antibody specifically disclosed, one can compare activity in 
40 Apo-2 blocking and apoptosis induction assays, such as those described 

in the Examples below. 

The antibodies of the invention may also comprise monovalent 
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antibodies . Methods for preparing monovalent antibodies are well known 
in the art. For example, one method involves recombinant expression of 
immunoglobulin light chain and modified heavy chain. The heavy chain is 
truncated generally at any point in the Fc region so as to prevent heavy 
chain crosslinking. Alternatively, the relevant cysteine residues are 
substituted with another amino acid residue or are deleted so as to 

prevent crosslinking. 

In vitro methods are also suitable for preparing monovalent 
antibodies. Digestion of antibodies to produce fragments thereof, 
particularly, Fab fragments, can be accomplished using routine 
techniques known in the art. For instance, digestion can be performed 
using papain. Examples of papain digestion are described in WO 94/29348 
published 12/22/94 and U.S. Patent No. 4,342,566. Papain digestion of 
antibodies typically produces two identical antigen binding fragments, 
called Fab fragments, each with a single antigen binding site, and a 
residual Fc fragment. Pepsin treatment yields an F(ab') 2 fragment, that 
has two antigen combining sites and is still capable of cross-linking 
antigen. 

The Fab fragments produced in the antibody digestion also 
contain the constant domains of the light chain and the first constant 
domain (CHJ of the heavy chain. Fab' fragments differ from Fab 
fragments by the addition of a few residues at the carboxy terminus of 
the heavy chain CH, domain including one or more cysteines from the 
antibody hinge region. Fab'-SH is the designation herein for Fab' in 
which the cysteine residue (s) of the constant domains bear a free thiol 
group. F(ab') 2 antibody fragments originally were produced as pairs of 
Fab- fragments which have hinge cysteines between them. Other chemical 
couplings of antibody fragments are also known. 

3. Humanized Antibodies 

The Apo-2 antibodies of the invention may further comprise 
humanized antibodies or human antibodies. Humanized forms of non-human 
(e.g., murine) antibodies are chimeric immunoglobulins, immunoglobulin 
chains or fragments thereof (such as Fv, Fab, Fab', F(ab') 2 or other 
antigen-binding subsequences of antibodies) which contain minimal 
sequence derived from non-human immunoglobulin. Humanized antibodies 
include human immunoglobulins (recipient antibody) in which residues 
from a complementary determining region (CDR) of the recipient are 
replaced by residues from a CDR of a non-human species (donor antibody) 
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5 such as mouse, rat or rabbit having the desired specificity, affinity 
and capacity. In some instances, Fv framework residues of the human 
immunoglobulin are replaced by corresponding non-human residues. 
Humanized antibodies may also comprise residues which are found neither 
in the recipient antibody nor in the imported CDR or framework 

10 sequences. In general, the humanized antibody will comprise 
substantially all of at least one, and typically two, variable domains, 
in which all or substantially all of the CDR regions correspond to those 
of a non-human immunoglobulin and all or substantially all of the FR 
regions are those of a human immunoglobulin consensus sequence. The 

15 humanized antibody optimally also will comprise at least a portion of an 
immunoglobulin constant region (Fc) , typically that of a human 
immunoglobulin [Jones et al., Nature , 321 :522-525 (1986); Riechmann et 
al., Nature , 332 :323-329 (1988); and Presta, Curr. Op. Struct. Biol. , 
2:593-596 (1992) ] . 

S*^ 20 Methods for humanizing non-human antibodies are well known in 

Q 

^ the art. Generally, a humanized antibody has one or more amino acid 

\l residues introduced into it from a source which is non-human. These 

non-human* amino acid residues are often referred to as "import" 
residues, which are typically taken from an "import" variable domain, 
■yy 25 Humanization can be essentially performed following the method of Winter 
^ and co-workers [Jones et al., Nature , 321 :522-525 (1986); Riechmann et 

y al., Nature, 312:323-327 (1988); Verhoeyen et al., Science , 239:1534- 

p 1536 (1988)], by substituting rodent CDRs or CDR sequences for the 

-J3 corresponding sequences of a human antibody. Accordingly, such 

~ 30 "humanized" antibodies are chimeric antibodies (U.S. Patent No. 

TO 

4,816,567), wherein substantially less than an intact human variable 
domain has been substituted by the corresponding sequence from a non- 
human species. In practice, humanized antibodies are typically human 
antibodies in which some CDR residues and possibly some FR residues are 

35 substituted by residues from analogous sites in rodent antibodies. 

The choice of human variable domains, both light and heavy, 
to be used in making the humanized antibodies is very important in order 
to reduce antigenicity. According to the "best-fit" method, the 
sequence of the variable domain of a rodent antibody is screened against 

40 the entire library of known human variable domain sequences. The human 
sequence which is closest to that of the rodent is then accepted as the 
human framework (FR) for the humanized antibody [Sims et al., 
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5 Immunol . , 151:2296 (1993); Chothia and Lesk, J, Mol. Biol, , 196:901 
(1987)]. Another method uses a particular framework derived from the 
consensus sequence of all human antibodies of a particular subgroup of 
light or heavy chains. The same framework may be used for several 
different humanized antibodies [Carter et al. # Proc. Natl. Acad. Sci. 
10 USA, 89:4285 (1992); Presta et al . , J. Immunol. , 151:2623 (1993)]. 

It is further important that antibodies be humanized with 
retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a preferred 
method, humanized antibodies are prepared by a process of analysis of 
15 the parental sequences and various conceptual humanized products using 
three dimensional models of the parental and humanized sequences. Three 
dimensional immunoglobulin models are commonly available and are 
familiar to those skilled in the art. Computer programs are available 
which illustrate and display probable three-dimensional conformational 
J 20 structures of selected candidate immunoglobulin sequences. Inspection 
of these displays permits analysis of the likely role of the residues in 
the functioning of the candidate immunoglobulin sequence,, i.e., the 
analysis of residues that influence the ability of. the candidate 
immunoglobulin to bind its antigen. In this way, FR residues can be 
25 selected and combined from the consensus and import sequence so that the 
desired antibody characteristic, such as increased affinity for the 
target antigen(s), is achieved. In general, the CDR residues are 
directly and most substantially involved in influencing antigen binding 
[see, WO 94/04679 published 3 March 1994] . 
rf 30 Transgenic animals (e.g., mice) that are capable, upon 

immunization, of producing a full repertoire of human antibodies in the 
absence of endogenous immunoglobulin production can be employed. 
Transfer of the human germ- line immunoglobulin gene array in such germ- 
line mutant mice will result in the production of human antibodies upon 
35 antigen challenge [see, e.g., Jakobovits et al., Proc. Natl. Acad. Sci. 
USA,. 90:2551-255 (1993); Jakobovits et al . , Nature, 362:255-258 (1993); 
Bruggemann et al., Year in Immuno . , 7:33 (1993)]. Human antibodies can 
also be produced in phage display libraries [Hoogenboom and Winter, J. 
Mol. Biol. , 227:381 (1991); Marks et al., J. Mol. Biol. , 222:581 
40 (1991)]. The techniques of Cole et al. and Boerner et al. are also 
available for the preparation of human monoclonal antibodies (Cole et 
al., Monoclonal Antibodies and Cancer Therapy , Alan R. Liss, p. 77 
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5 (1985) and Boerner et al., J. Immunol. , 147 (1) -.86-95 (1991)]. 
4 « Bispecif ic Antibodies 

Bispecific antibodies are monoclonal, preferably human or 
humanized, antibodies that have binding specificities for at least two 
different antigens. In the present case, one of the binding 
10 specificities is for the Apo-2, the other one is for any other antigen, 
and preferably for a cell-surface protein or receptor or receptor 
subunit . 

Methods for making bispecific antibodies are known in the 
art. Traditionally, the recombinant production of bispecific antibodies 
15 is based on the co-expression of two immunoglobulin heavy-chain/light- 
chain pairs, where the two heavy chains have different specificities 
[Milstein and Cuello, Nature , 305:537-539 (1983)]. Because of the 
random assortment of immunoglobulin heavy and light chains, these 
hybridomas (quadromas) produce a potential mixture of ten different 
ff; 20 antibody molecules, of which only one has the correct bispecific 
Sl structure. The purification of the correct molecule-, is usually 

vj accomplished by affinity chromatography steps. Similar, procedures are 

4= disclosed in WO 93/08829, published 13 May 1993, and in Traunecker et 

H al., EMBQ J. , 10:3655-3659 (1991). 

zQ 25 According to a different and more preferred approach, 

antibody variable domains with the desired binding specificities 
(antibody- antigen combining sites) are fused to immunoglobulin constant 
domain sequences. The fusion preferably is with an immunoglobulin 
© heavy-chain constant domain, comprising at least part of the hinge, CH2, 

S 30 and CH3 regions. It is preferred to have the first heavy-chain constant 

yj 

region (CHI) containing the site necessary for light-chain binding 
present in at least one of the fusions. DNAs encoding the 
immunoglobulin heavy-chain fusions and, if desired, the immunoglobulin 
light chain, are inserted into separate expression vectors, and are co- 

35 transfected into a suitable host organism. This provides for great 
flexibility in adjusting the mutual proportions of the three polypeptide 
fragments in embodiments when unequal ratios of the three polypeptide 
chains used in the construction provide the optimum yields. It is, 
however, possible to insert the coding sequences for two or all three 

40 polypeptide chains in one expression vector when the expression of at 
least two polypeptide chains in equal ratios results in high yields or 
when the ratios are of no particular significance. In a preferred 
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5 embodiment of this approach, the bispecific antibodies are composed of a 
hybrid immunoglobulin heavy chain with a first binding specificity in 
one arm, and a hybrid immunoglobulin heavy-chain/light-chain pair 
(providing a second binding specificity) in the other arm. It was found 
that this asymmetric structure facilitates the separation of the desired 

10 bispecific compound from unwanted immunoglobulin chain combinations, as 
the presence of an immunoglobulin light chain in only one half of the 
bispecific molecule provides for a facile way of separation. This 
approach is disclosed in WO 94/04690 published 3 March 1994. For further 
details of generating bispecific antibodies see, for example, Suresh et 

15 al., Methods in Enzvmoloqv . 121:210 (1986). 

5. Heteroconiugate Antibodies 

Heteroconjugate antibodies are also within the scope of the 
present invention. Heteroconjugate antibodies are composed of two 
covalently joined antibodies. Such antibodies have, for example, been 
(H 20 proposed to target immune system cells to unwanted cells [US Patent No. 
2 4,676,980], and for treatment of HIV infection [WO 91/00360; WO 

Ci 92/200373; EP 03089]. It is contemplated that the antibodies may be 

=p prepared in vitro using known methods in synthetic protein chemistry, 

r including those involving crosslinking agents. For example, 

5 25 immunotoxins may be constructed using a disulfide exchange reaction or 
r by forming a thioether bond. Examples of suitable reagents for this 

purpose include iminothiolate and methyl-4-mercaptobutyrimidate and 
those disclosed, for example, in U.S. Pat. No. 4,676,980. 

6 . Triabodies 

y3 30 Triabodies are also within the scope of the invention. Such 

antibodies are described for instance in Iliades et al., FEBS Letters , 
409:437-441 (1997) and Korrt et al., Protein Engineering, 10:423-433 
(1997) . 

7 . Other Modifications 
35 Other modifications of the Apo-2 antibodies are contemplated. 

For example, it may be desirable to modify the antibodies of the 
invention with respect to effector function, so as to enhance the 
therapeutic effectiveness of the antibodies. For instance, cysteine 
residue (s) may be introduced into the Fc region, thereby allowing 
40 interchain disulfide bond formation in this region. The homodimeric 
antibody thus generated may have improved internalization capability 
and/or increased complement -mediated cell killing [see, e.g., Caron et 
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1 



Introduction 



2 



This is a decision on the motions remaining in interference 105,380. 



3 



Junior party Ni has filed four motions, one of which has been previously 



4 decided. 1 Senior party Rauch has filed five motions. 



5 



Ni substantive motion 1 to substitute proposed count 2 for Count 1 is 



6 denied. Ni substantive motion 2 to be accorded priority benefit of the 17 March 

7 1997 and 29 July 1997 filing dates of its U.S. provisional applications 60/040,846 

8 and 60/054,021 , respectively, is dismissed as moot as to Ni's proposed count 2, 

9 granted as to application 60/054,021 for Count 1 , and denied as to application 

10 60/040,846. Ni miscellaneous motion 4 to exclude certain evidence is denied. 

1 1 Rauch substantive motion 1 to be accorded priority benefit of the 4 June 

12 1997 and 28 March 1997 filing dates of its U.S. applications 08/869,852 and 

13 08/829,536, respectively, as to Count 1 is granted. Rauch substantive motion 2 

14 to designate Ni claims 321 , 322, 324 and 477 of the '583 application as 

15 corresponding to Count 1 is denied. Rauch substantive motion 3 for judgment 

16 that Ni claims 287, 289-299, 351-361 , 389-403, 431 , 432, 434-442, 446, 448- 

17 458, 507-517, 581 and 623-632 are unpatentable under 35 U.S.C. §§ 102(a) 

18 and/or (e) over any one of U.S. Patents 6,642,358, 6,072,047 and 6,569,642 and 

19 WO 98/35986 is granted to the extent that the claims 287, 289-299, 351-361 , 

20 389-403, 431 , 432, 434-442, 446, 448-458, 507-517, 581 and 623-632 are 

21 unpatentable under § 102(e) over U.S. Patent 6,072,047. Rauch responsive 

22 motion 4 for priority benefit as to Ni's proposed count 2 is dismissed as moot. 



1 Ni substantive motion 3 (Paper 30) to hold each of Rauch's involved claims unpatentable under 
35 U.S.C. § 102(e) as anticipated by U.S. Patent 6,872,568 has already been denied (Paper 46). 
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1 Rauch miscellaneous motion 5 to exclude certain evidence is dismissed as 

2 moot 

3 II. Findings of Fact (FF) 

4 The following findings of fact are supported by a preponderance of the 

5 evidence. 

6 1 . The junior party is Jian NI, Reiner L GENTZ, Guo-Liang YU and Craig A. 

7 ROSEN ("Ni"). 

8 2. Ni is involved in the interference on the basis of application 09/042,583 

9 ("the "583 application," NX 2024), filed 1 7 March 1 998. 

10 3, Ni's real party-in-interest is Human Genome Sciences, Inc. ("HGS"). 

1 1 4. The senior party is Charles RAUCH and Henning WALCZAK ("Rauch"). 

12 5. Rauch is involved in the interference on the basis of U.S. Patent 

13 6,569,642 ("the '642 patent," RX 1008), issued 27 May 2003, based on 

14 application 09/536,201 ("the '201 application"), filed 27 March 2000. 

15 6. The '201 application has been accorded benefit for the purpose of priority 

16 of the 26 June 1997 filing date of application 08/883,036, which issued 6 

17 June 2000 as U.S. Patent 6,072,047 ("the '047 patent," RX 1048). 

18 7. Rauch's real party-in-interest is Immunex Corp. ("Immunex"). 

1 9 8. The subject matter of the interference is defined by one count. 

20 9. Count 1 is "Claim 5 of U.S. Patent 6,569,642" (Paper 1 , p. 3). 

21 10. Claim 5 of the '642 patent, written in independent form, reads; 

22 An isolated TRAIL-R DNA, wherein said DNA 

23 encodes a polypeptide comprising an amino acid 

24 sequence that is at least 90% identical to the amino 

25 acid sequence present in SEQ ID NO:2, wherein said 

26 polypeptide binds TRAIL. 
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1 11. According to the '642 patent, SEQ ID NO:2 is the 440 amino acid 

2 sequence of a full length human receptor protein (including the N- 

3 terminal signal peptide), "TRAIL-R," encoded by the DNA of SEQ ID 

4 NO:1 (RX 1008, c. 1, 1. 66- c. 2, 1. 2 and c. 22, II. 12-14). 

5 12. The claims of the parties are: 

6 Ni 287-299,319-322,324,326-339,351-361,389-403, 

7 431-432, 434-442, 446-458, 476-491 , 507-517, 553- 

8 596, 598-607 and 623-632 

9 Rauch 1-52 

10 13. The claims of the parties which correspond to Count 1 are: 

1 1 Ni 287, 289-299, 351-361 , 389-403, 431-432, 434-442, 

12 446, 448-458, 507-517, 580-596. 598-607 and 623- 

13 632 

14 Rauch 1-5,7-13,15-16,18,22,25-26,28-29,31,35,38-42, 

15 44, 48 and 51 
16 

17 14. The claims of the parties which do not correspond to Count 1 , and 

1 8 therefore are not part of this interference, are: 

19 Ni 288, 319-322, 324, 326-339, 447, 476-491 and 553- 

20 579 

21 Rauch 6, 14, 17, 1 9-21 , 23-24, 27, 30, 32-34, 36-37, 43, 45- 

22 47, 49-50 and 52 
23 

24 Other findings of fact follow below. 

25 III. Ni Substantive Motion 1 

26 Pursuant to 37 CFR § 41 . 121 (a)(1)(i), Ni moves to redefine the scope of 

27 the interference by substituting proposed count 2 for current Count 1 (Paper 

28 28). Rauch opposes (Paper 52); Ni replies (Paper 58). 

29 15. Ni's proposed count 2 reads (Paper 28, p. 1, 1): 

30 An isolated TRAIL-R DNA, wherein said DNA 

31 encodes a polypeptide comprising an amino acid 

32 sequence that is at least 90% identical to the amino 
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1 acid sequence presented in SEQ ID NO:2, wherein 

2 said polypeptide binds TRAIL or induces apoptosis. 

3 16. According to Ni, its proposed count 2 simply incorporates Rauch claims 4 

4 and 5, as does the current count, and adds the language "or induces 

5 apoptosis" (id.)- 

6 It is our understanding that the source of SEQ ID NO:2 in Ni's proposed 

7 count 2 is the involved '642 patent of Rauch. With this understanding, we now 

8 address Ni motion 1. 

9 17. Ni argues that the abilities to bind TRAIL and to induce apoptosis are 

1 0 inherent properties of the polypeptide encoded by the DNA of Count 1 , 

1 1 although only the former is expressly recited in the count (id., p. 8, j[ 1). 

1 2 A party seeking to change the count in an interference must demonstrate a 

13 genuine need to change the count. As stated in Louis v. Okada . 59 USPQ2d 

14 1073, 1076 (Bd. Pat. App. & Int. 2001), 

15 [a]t a minimum, ... a preliminary motion to broaden out 

16 the count on the basis that a party's best or earliest proofs 

17 are outside of the current count (1) should make a proffer of 

1 8 the party's best proofs, (2) show that such best proofs 

19 indeed lie outside of the scope of the current count, and (3) 

20 further show that the proposed new count is not excessively 

21 broad with respect to what the party needs for its best 

22 proofs. 

23 Ni seeks to change the count by adding the limitation "or induces 

24 apoptosis" as an alternative to the limitation "binds TRAIL" (FF 15). Ni seeks to 

25 change the current count because its best proofs do not explicitly recite that the 

26 TRAILER DNA of the count encodes a polypeptide that binds TRAIL (FF 17). 

27 However, the fact that Ni's "best proofs" do not explicitly recite the language of 
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1 the count does not alone establish that those proofs are not directed to "subject 

2 matter" defined by the count. 'The invention is not the language of the count but 

3 the subject matter thereby defined." Silvestri v. Grant 496 F.2d 593, 598, 181 

4 USPQ 706, 709 (CCPA 1974). In appropriate circumstances, express limitations 

5 of the count may be shown to be inherent in the proofs. Id. ("In reaching this 

6 conclusion, we do not disregard the fact that the count also requires that the 

7 ampicillin possesses greater storage-stability than hydrated ampicillin and have a 

8 molecular weight of about 349. However, we regard these as inherent properties 

9 of Form It ampicillin which add nothing to the count definition beyond that 

10 determined by the [other limitations]."). 2 The limitation said not to be disclosed 

11 by Ni's best proofs, i.e., the ability to bind TRAIL, may be shown to be an 

12 inherent property of the polypeptide encoded by the DNA of the count. In fact, Ni 

13 argues that both the ability to bind TRAIL and the ability to induce apoptosis are 

14 both inherent properties of the polypeptides encoded by the DNA of the count: 



15 The ability to bind TRAIL is an expressly recited 

16 property of the polypeptides encoded by the DNA and 

17 it is an inherent property of the polypeptide of SEQ ID 

18 NO:2. Similarly, the ability of the polypeptide of SEQ 

19 ID NO:2 to induce apoptosis is also an inherent 

20 property of the polypeptide of SEQ ID NO:2. 



21 [Paper 28, p. 8 (citation to material facts omitted).] Additionally, Ni has not 

22 asserted that there are any DNA molecules which would express polypeptides 



2 ' n Silvestri , the count was directed to a new crystalline form of ampicillin which was 
"substantially free of water in the chemically bound state" and had a molecular weight of about 
349, a particular infrared ("IR") spectrograph and improved storage stability vis-&-vis the 
previously known form of ampicillin. Id., 496 F.2d at 595-96, 1 81 USPQ at 709-710. The court 
held that it was sufficient to possess the claimed compound and to characterize it by its water 
content and IR spectrograph, without demonstrating knowledge of the ampicidin's molecular 
weight because the molecular weight "add[s] nothing to the count beyond that determined by the 
water content and infrared spectrograph." Id., 496 F.2d at 599, 181 USPQ at 709. 
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1 meeting the amino acid sequence requirement of the count which would induce 

2 apoptosis, but not bind TRAIL Consequently, adding the phrase "or induces 

3 apoptosis" to Count 1 has not been shown to be necessary to encompass Ni's 

4 best proofs. Furthermore, changing the scope of the count would leave Ni in 

5 essentially the same position it is in now of having to prove an inherent property 

6 of the receptor polypeptide encoded by the DNA of the count (FF 17). Hence, Ni 

7 has failed to demonstrate that its best proofs are outside the scope of the current 

8 count and, therefore, that there is a genuine need to change the count. 

9 Based on the foregoing, Ni substantive motion 1 is denied. 

10 IV. Rauch Responsive Motion 4 

1 1 Pursuant to 37 CFR § 41 .121(a)(2), Rauch moves to be accorded benefit 

1 2 for the purpose of priority of the 26 June 1 997, 4 June 1 997 and 28 March 1 997 

1 3 filing dates of U.S. applications 08/883,036, 08/869,852 and 08/829,536, 

14 respectively, as to Ni proposed count 2 (Paper 44). Rauch responsive motion 4 

15 is contingent upon the grant of Ni substantive motion 1 to substitute Ni proposed 

16 count 2 for current Count 1 . Since the contingency has not occurred, Rauch 

17 responsive motion 4 is dismissed as moot. 

18 V. Rauch Substantive Motion 1 

19 Pursuant to 37 CFR §41. 121 (a)(1)(ii), Rauch moves to be accorded 

20 benefit for the purpose of priority of the 4 June 1997 and 28 March 1997 filing 

21 dates of U.S. applications 08/869,852 ("the "852 application," RX 1017) and 

22 08/829,536 ("the '536 application," RX 1016), respectively, as to Count 1 (Paper 

23 33). Ni opposes (Paper 48); Rauch replies (Paper 60). 



Interference No. 105,380 Page 8 

Human Genome Sciences, Inc. (Ni) v. Immunex Corp. (Rauch) Paper 95 

1 The '201 application from which Rauch's involved '642 patent issued has 

2 already been accorded benefit of the 26 June 1 997 filing date of Rauch's earlier 

3 filed '036 application (FF 6). 

4 18. The '201 application is a continuation of the '036 application. 

5 19. The disclosures of the '201 and '036 applications are substantially 

6 identical. 

7 20. The '036 application is a continuation-in-part of the '852 application, 

8 which is a continuation-in-part of the '536 application. 

9 21. The '852 application was filed 4 June 1997 (RX 1017, p. 55). 

10 22. The '536 application was filed 28 March 1997 (RX 1016, p. 32). 

11 To be accorded benefit for the purpose of priority in an interference 

12 proceeding "means Board recognition that a patent application provides a proper 

13 constructive reduction to practice under 35 U.S.C. 102(g)(1)." 37 CFR § 41.201. 

14 A constructive reduction to practice "means a described and enabled anticipation 

15 under 35 U.S.C. 102(g)(1) in a patent application of the subject matter of a 

16 count." Id. Benefit for the purpose of priority focuses on the subject matter of a 

17 count and only requires a constructive reduction to practice of a single 

1 8 embodiment within the scope of the count. Falkner v. Inglis . 463 F.3d 1 376, 

19 1379, 79 USPQ2d 1001, 1004 (Fed. Cir. 2006); Hunt v. Treppschuh . 523 F.2d 

20 1 386, 1 389, 1 87 USPQ 426, 429 (CCPA 1 975). 3 

21 The subject matter of Count 1 involves isolated DNA encoding a polypeptide 

22 having an amino acid sequence which (a) is at least 90% identical to SEQ ID 

3 In contrast, benefit for the purpose of 35 U.S.C. § 120 and related statutes focuses on the 
subject matter of the claim and requires the application for which benefit is sought to describe and 
enable the entire scope of the claim. 
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1 NO:2 of the '642 patent and (b) binds TRAIL (FF 10). SEQ ID NO:2 of the '642 

2 patent is the amino acid sequence of a full-length human receptor protein called 

3 TRAILER and is encoded by the DNA of SEQ ID NO:1 in the *642 patent (FF 11). 

4 23, It is undisputed that the TRAIL- R protein described in SEQ ID NO:2 of 

5 the involved '642 patent is the 440 amino acid isoform of a receptor 

6 protein alternatively referred to in the literature as TR-2, DR5, Apo-2, 

7 TRICK2 and KILLER (see Paper 48, p. B-1 where Ni admits Rauch 

8 Statement of Material Facts ("SMFs") 1 and 6 as set forth in Paper 33, p. 

9 10). 4 

10 24. According to the '642 specification, TRAIL or "TNF-related apoptosis- 

1 1 inducing ligand" is a member of the tumor necrosis factor ("TNF") family 

12 of ligands and TRAIL-R binds TRAIL (RX 1008, c. 1, II. 18-20 and 60-61). 

13 25. Further according to the '642 specification, "[c]ertain uses of TRAIL-R 

14 flow from this ability to bind TRAIL, . . . TRAIL-R finds use in inhibiting 

15 biological activities of TRAIL, or in purifying TRAIL by affinity 

16 chromatography, for example" (id., c. 1, II. 61-65; these and additional 

17 uses are set forth at c. 15, I. 41 - c. 20, 1. 18). 

18 26. Example 6 in the '642 specification (c. 27, 1. 26 - c. 28, 1. 24) is said to 

19 demonstrate the ability of full length human TRAIL-R to bind TRAIL. 

20 27. It was known at the time both the earlier '852 and '536 Rauch 

21 applications were filed that TRAIL was capable of inducing apoptosis (RX 



An isoform is one of the several forms in which a protein may exist in various tissues. 
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1 1026; 5 see also Paper 48, p. B-1 where Ni admits Rauch SMF 12 as set 

2 forth in Paper 33, p. 11). 

3 28, SEQ ID NO:1 of the '852 application is said to present a DNA sequence 

4 encoding a human TRAIL receptor protein (TRAIL-R) having the amino 

5 acid sequence set forth in SEQ ID NO:2 of the '852 application (RX 1017, 

6 p. 13-15). 

7 29. The '852 specification explicitly states that "[t]he present invention 

8 provides isolated nucleic acids useful in the production of TRAIL-R 

9 polypeptides, ... Such nucleic acids include, but are not limited to, the 

10 human TRAIL-R DNA of SEQ ID NO:l" (RX 1017, p. 27, II. 26-29). 

1 1 30. It is undisputed that the amino acid sequence described in SEQ ID NO:2 

12 of the '852 application is identical to amino acid sequence SEQ ID NO:2 

13 of the '642 patent (see Paper 48, B-1 where Ni admits Rauch SMF 10 as 

14 set forth in Paper 33, p. 11). 

15 31. According to the '852 specification, TRAIL-R binds to the cytokine TRAIL 

16 and "[c]ertain uses of TRAIL-R flow from this ability to bind TRAIL 

17 TRAIL-R finds use in inhibiting biological activities of TRAIL, or in 

18 purifying TRAIL by affinity chromatography, for example" (RX 1017, p. 2, 

19 II. 8-12; these and additional uses of TRAIL-R are set forth at p. 20, 1. 15 - 

20 p. 25, L 14). 

" 21 32. Example 6 in the '852 specification (p. 35, 1. 4 - p. 36, 1. 13) is said to 

22 demonstrate the ability of full length human TRAIL-R to bind TRAIL 



5 Wiley et al., "Identification and Characterization of a New Member of the TNF Family that 
Induces Apoptosis," Immunity , Vol. 3, pp. 673-682 (December 1995) (RX 1026). 
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1 33. Thus, the '852 application describes an embodiment within the scope of 

2 Count 1, i.e., a DNA sequence encoding a human TRAIL receptor protein 

3 (TRAIL-R) having an amino acid sequence identical to the amino acid 

4 sequence of SEQ ID NO:2 of the '642 patent (FFs 28-30) and which 

5 binds TRAIL (FFs 31-32). 

6 34. Ni does not dispute Rauch's claim to benefit for the purpose of priority of 

7 the filing date of its '852 application (Paper 48). 

8 35. Figure 2 of the "536 application is said to present a DNA sequence 

9 encoding a human TRAIL receptor protein (TRAIL-R) having the amino 

10 acid sequence set forth in Figure 3 of the '536 application (RX 1016, p. 2, 

11 11.1-5). 

1 2 36. The '536 specification explicitly states that "TRAIL-R DNA may be used 

13 to prepare TRAIL-R polypeptides encoded by the DNA" (RX 1016, p. 6, II. 

14 7-10). 

15 37. It is undisputed that the nucleic acid and amino acid sequences of the 

16 DNA and encoded TRAIL-R protein described in Figures 2 and 3 of the 

17 '536 application are identical to the nucleic acid and amino acid 

18 sequences described in SEQ ID NOs: 1 and 2, respectively, of the '642 

19 patent (see Paper 48, p. B-1 where Ni admits Rauch SMFs 13 and 14 as 

20 set forth in Paper 33, pp. 1 1-12). 

21 38. According to the '536 specification, TRAIL-R binds to the cytokine TRAIL 

22 and "[cjertain uses of TRAIL-R flow from this ability to bind TRAIL 

23 TRAIL-R finds use in inhibiting biological activities of TRAIL, or in 
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1 purifying TRAIL by affinity chromatography, for example" (RX 1016, p. 2, 

2 II. 8-12; these and additional uses are set forth at p. 13, 1. 34 - p. 18, 1. 

3 26). 

4 39. Thus, the '536 application describes an embodiment within the scope of 

5 Count 1 , i.e., a DNA sequence encoding a human TRAIL receptor protein 

6 (TRAIL-R) having an amino acid sequence identical to the amino acid 

7 sequence of SEQ ID NO:2 of the '642 patent (FFs 35-37) and which 

8 binds TRAIL (FF 38). 

9 40. Ni disputes Rauch's claim to benefit of the filing date of the '536 

10 application, contending that the '536 application fails to show any utility 

1 1 for the DNA molecule and, therefore, fails the "how to use" of the 

1 2 enablement requirement (Paper 48, § C.2, pp. 5-6). 

13 41. Ni relies on Rasmusson v. Smith Kline Beecham Corp 413 f 3d -n-m 

14 75 USPQ2d 1297 (Fed. Cir. 2005) to support its conclusion that 

1 5 a party cannot establish that an earlier application 

16 constitutes a constructive reduction to practice without 

1 7 at the very least showing that the earlier application 

1 8 discloses a utility for an embodiment of the count. In 

1 9 other words, an essential element of a party's case for 

20 benefit of an earlier application is a demonstration 

21 that the earlier application satisfies the how-to-use 

22 prong of § 1 12, first paragraph, with respect to at least 

23 one embodiment of the count. [Paper 48, p. 5, If 2.] 

24 42. Specifically, Ni argues that "Rauch has neglected to assert, implicitly or 

25 explicitly, that the '536 application discloses any utility for a DNA 

26 molecule within the scope of the count" (Paper 48, p. 7, 3). 
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1 In essence, the only opposition raised by Ni is whether the '536 application 

2 discloses an adequate utility/enablement for a DNA embodiment within the scope 

3 of Count 1 . First, count 1 explicitly describes a utility for a DNA embodiment 

4 within the scope of Count 1, i.e., it encodes a polypeptide having an amino acid 

5 sequence which is at least 90% identical to SEQ ID NO:2 of the '642 patent and 

6 binds TRAIL. Second, Rauch asserted this utility/enablement (Paper 33, pp. 5-6) 

7 and pointed to express descriptive support of an embodiment within the scope of 

8 Count 1 in the '536 application in Appendix C of its motion, i.e., "Figure 2 

: 9 discloses a DNA sequence that encodes the polypeptide set forth in Figure 3" 

10 (Paper 33, p. 13, c. 2). Third, the '536 specification explicitly states that "TRAIL- 

1 1 R DNA may be used to prepare TRAIL-R polypeptides encoded by the DNA" (FF 

12 36). Fourth, our finding that the '536 specification describes and enables an 

13 embodiment within the scope of Count 1 is not inconsistent with the holding in 

14 Rasmusson . 

15 In Rasmusson , both parties had interfering claims directed to methods of 

16 treating prostate cancer comprising administering finasteride, a selective 5-a- 

17 reductase inhibitor. An interference was declared by the Board of Patent 

18 Appeals and Interferences ("the Board"). Rasmusson was involved in the 

19 interference on the basis of an application which claimed priority to eight earlier 

20 filed applications. SmithKline Beecham Corp. was involved in the interference on 

21 the basis of two patents and corresponding reissue applications. On appeal from 

22 the decision of the Board, the Federal Circuit affirmed the Board's holding that 

23 Rasmusson was not entitled to benefit for the purpose of priority of the filing 
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1 dates of the eight earlier filed applications. Citing In re Brana , 51 F.3d 1560, 34 

2 USPQ2d 1436 (Fed. Cir. 1995), the court said "a specification disclosure which 

3 contains a teaching of the manner and process of making and using the invention 

4 ... must be taken as in compliance with the enabling requirement of the first 

5 paragraph of § 1 12 unless there is reason to doubt the objective truth of the 

6 statements contained therein which must be relied on for enabling support" 

7 (Rasmusson , 413 F.3d at 1323, 75 USPQ2d at 1300, emphasis added). The 

8 court affirmed the Board's finding that one of ordinary skill in the art would not 

9 have believed that finasteride was effective in treating prostate cancer in light of 

10 the state of the art at the relevant time and because Rasmusson had failed to 

1 1 provide experimental proof demonstrating the effectiveness of the invention (id., 

12 413 F.3d at 1324-25, 75 USPQ2d at 1301). 

13 Here, the '536 specification explicitly states that "TRAIL-R DNA may be 

14 used to prepare TRAIL-R polypeptides encoded by the DNA" (FF 36). The '536 

15 specification further describes certain uses of TRAIL-R based on its ability to bind 

16 TRAIL, e.g., using TRAIL-R to purify TRAIL by affinity chromatography (FF 38). 

17 Ni has not pointed to evidence of record which raises doubts as to the objective 

18 truth of these statements in the '536 specification, as was the case in 

19 Rasmusson . For example, Ni does not allege or provide evidence that one of 

20 ordinary skill in the art could not use a DNA to produce the protein encoded 

21 thereby or that a receptor protein that binds a ligand could not be used to purify 

22 the ligand using affinity chromatography at the time the '536 application was filed. 

23 Specifically, Ni has not shown that Rauch failed to satisfy its burden of proof with 
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1 respect to enablement regarding the DNA embodiment of the count set forth in 

2 Figure 2 of the "536 application, i.e., that the DNA of Figure 2 did not encode, and 

3 therefore was not useful to produce, the TRAIL-R polypeptide set forth in Figure 

4 3. Moreover, Ni does not argue that the '536 application fails to disclose any 

5 utility for the TRAIL-R polypeptide set forth in its Figure 3. in short, Rauch 

6 described how to use a DNA within the scope of Count 1 , i.e., the DNA of Figure 

7 2 encodes a protein that binds TRAIL (Paper 33, pp. 5-6), and Ni has not 

8 asserted that encoding a protein that binds TRAIL is not a sufficient utility nor 

9 provided any basis to doubt the objective truth of express statements in the '536 

10 specification that the DNA of Figure 2 is useful to produce the encoded TRAIL-R 

11 polypeptide. 

12 Based on the foregoing, Rauch substantive motion 1 is granted. 

13 VI. Ni Substantive Motion 2 

14 Pursuant to 37 CFR § 41.121(a)(1)(H), Ni moves to be accorded benefit for 

15 the purpose of priority of the 17 March 1997 and 29 July 1997 filing dates of its 

16 earlier provisional applications 60/040,846 ("the *846 application," NX 2042) and 

17 60/054,021 ("the '021 application," NX 2056), respectively, as to Count 1 and, 

18 contingent on the grant of Ni substantive motion 1 , as to Ni's proposed count 2 

19 (Paper 29). Rauch opposes (Paper 53); Ni replies (Paper 59). 

20 To the extent Ni substantive motion 2 is contingent upon the grant of Ni 

21 substantive motion 1 , it is dismissed as moot because the contingency has not 

22 occurred. 
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1 



As discussed above, the subject matter of Count 1 is directed to isolated 



2 DNA that encodes a polypeptide having an amino acid sequence that is at least 

3 90% identical to SEQ ID NO:2 of Rauch's involved '642 patent, wherein the 

4 polypeptide binds TRAIL (FF 10 and 11). TRAIL is a member of the TNF ligand 

5 family and was known to be capable of inducing apoptosis (FF 27). To be 

6 accorded benefit of the filing date of an earlier filed application, the earlier 

7 application must provide a constructive reduction to practice of an embodiment 

8 within the count, i.e., a described and enabled anticipation of the subject matter 

9 of the count. 

10 43. The '021 and '846 applications are both provisional applications. 

1 1 44. The '021 application was filed 29 July 1997 (NX 2056, cover sheet). 

12 45. The '846 application was filed 17 March 1997 (NX 2042, cover sheet). 

13 46. Figure 1 of the '021 application is said to show the nucleotide and 

14 deduced amino acid sequences of "human Death Domain Containing 

15 Receptor 5" ("DR5") obtained from the cDNA clone deposited as ATCC 

16 Deposit No. 97920 on 7 March 1997 (NX 2056, p. 1, II. 7-9; p. 6, II. 5-6; p. 

17 7, II. 29-33; p. 9, II. 9-12; p. 10, II. 34-35). 

18 47. According to the '021 specification, DR5 is a 41 1 amino acid protein (id., 

19 p. 26, II. 9-10). 

20 48. Example 6 of the '021 specification is said to show that a DR5 

21 extracellular domain-Fc fusion construct ("DR5-Fc") binds TRAIL (id., p. 

22 50, I. 6 - p. 51, 1. 2; Figures 6A-6C). 
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49. Figure 1 of the "846 application is said to show the nucleotide and 
deduced amino acid sequences of DR5 obtained from the cDNA clone 
deposited as ATCC Deposit No. 97920 on 17 March 1997 (NX 2042, p. 
1,11. 5-6; 3, II. 22-25; p. 5, II. 24-27). 

50. According to the '846 specification, DR5 is a 41 1 amino acid protein (jd., 
p. 6, II. 25-27). 

51. Figure 2 of the '846 application is said to compare the deduced amino 
acid sequence of DR5 to the amino acid sequences of human tumor 
necrosis factor 1, human Fas protein and DR3 protein (jd., p. 5, II. 8-13). 

52. According to the '846 specification, similarities between the amino acid 
sequences shown in Figure 2 "strongly suggests that DR5 is also a 
death domain containing receptor with the ability to induce apoptosis," 
I.e., that DR5 belongs to a subset of TNF-family receptors (id., p. 6, II. 31- 
33, emphasis added). 

53. Further according to the '846 specification, "TNF-family ligands induce 
various cellular responses by binding to TNF-family receptors, including 
the DR5 of the present invention. Cells which express the DR5 
polypeptide are believed to have a potent cellular response to DR5 
ligands ..." (NX 2042. p. 26, II. 12-15, emphasis added). 

54. The '846 specification defines a "TNF-family ligand" as a 

naturally occurring, recombinant, and synthetic 
ligands that are capable of binding to a member of the 
TNF receptor family and inducing the ligand/receptor 
signaling pathway. Members of the TNF ligand family 
include, but are not limited to, DR5 ligands, TRAIL, 
TNF-a, lymphdtoxin-a [sic] (LT-a, also known as TNF- 
fi), LT-li (found in complex heterotrimer LT-a2-G), 
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1 FasL, CD40, CD27, CD30, 4-IBB, OX40 and nerve 

2 growth factor (NGF). [NX 2042, p. 31 , II. 4-9, 

3 emphasis added.] 

4 55. The amino acid sequence of the DR5 protein shown in the respective 

5 Figures 1 of the '021 and '846 applications are identical. 

6 56. It is undisputed that the amino acid sequence shown in Figures 1 of the 

7 '021 and '846 applications are at least about 93% identical to the amino 

8 acid sequence of SEQ ID NO:2 as recited in Count 1 , with 41 1 of 440 

9 total amino acids being identical (see Paper 53, p. 23 where Rauch 

10 admits Ni SMFs 7 and 8). 

1 1 57. Thus, the '021 application describes an enabled embodiment within the 

12 scope of Count 1, i.e., a DNA sequence encoding a human Death 

13 Domain Containing Receptor 5 ("DR5") having an amino acid sequence 

14 that is at least 93% identical to the amino acid sequence of SEQ ID NO:2 

1 5 of the '642 patent (FFs 46, 47 and 56) and which binds TRAIL (FF 48). 

16 58. Rauch does not dispute Ni's claim to benefit for the purpose of priority of 

17 the filing date of its '021 application (Paper 53). 

18 Based on the foregoing, we accord Ni benefit of the filing date of the '021 

19 application as to Count 1 . 

20 While the '846 specification describes (Figure 1) an isolated DNA 

21 encoding polypeptide DR5 comprising a deduced amino acid sequence which is 

22 at least 90% identical to the amino acid sequence set forth in SEQ ID NO:2 of the 

23 '642 patent (41 1 of 440 amino acids are identical), the disclosure of the '846 

24 application simply suggests that the DR5 polypeptide encoded by the isolated 

25 DNA is a death domain containing receptor with the ability to induce apoptosis 
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1 and suggests that the DR5 polypeptide binds a "DR5 ligand" (FFs 52 and 53). 

2 The disclosure of the '846 application does not describe preparing a DR5 

3 polypeptide (or ligand binding portion thereof) or binding the ligand TRAIL to the 

4 DR5 polypeptide (or ligand binding portion thereof). 

5 Ni's position is premised on classifying DR5 as a putative TNF "death 

6 receptor" protein based on the described similarity between DR5 and three 

7 previously known TNF death receptors TNFR1 , Fas and DR3 in the '846 

8 application. According to Ni, TNFR1, Fas and DR3 were all known to induce 

9 apoptosis upon activation and, therefore, that same function should be imputed 

10 to DR5 by virtue of the described similarities between the amino acid sequences 

1 1 of DR5 and the three death receptors, Ni argues that the '846 specification 

12 explicitly teaches that DR5 induces apoptosis and binds to a TNF ligand selected 

13 from a limited list including TRAIL Ni further argues that, based on the doctrine 

14 of inherency, the '846 application need not expressly recite that DR5 binds TRAIL 

1 5 so long as the '846 application describes the subject matter of the count. [Paper 

16 29, p. 2, H 3 and bridging pp. 9-10.] 



17 59. Ni relies on the direct testimony of John C. Reed, M.D., Ph.D. (NX 2099) 

1 8 in support of its position. 

19 60, Dr. Reed has been qualified as an expert to give opinions on the subjects 

20 of apoptosis and of the tumor necrosis family of ligands (TNFs) and 

21 receptors (TNFRs), including death receptors. 

22 61. According to Dr. Reed, the deduced amino acid sequence of human DR5 

23 described in the '846 application has all the canonical (structural) 
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1 features of a classic death receptor of the TNFR family, i.e., a leader 

2 peptide, conserved cysteine-rich domain(s), a transmembrane domain 

3 and a cytosolic domain containing a "death domain" (NX 2099, ffll 19-20 

4 and 28-31). 

5 62. Further according to Dr. Reed, the death domain "is necessary and 

6 sufficient for apoptosis induction, at least when overexpressed in 

7 mammalian ceils" (NX 2099, U 21 ). 

8 63. Still further according to Dr. Reed, DR5 shares the highest degree of 

9 amino acid sequence identity with then known death receptor proteins 

1 0 human TNFR1 , Fas and DR3 (NX 2099, fflj 20 and 29). 

1 1 64. Dr. Reed states that the deduced amino acid sequence of the "death 

12 domain" region of the DR5 protein described in Ni's '846 application was 

13 approximately 21 , 32 and 33 percent identical to the amino acid 

14 sequences of the death domains of known death receptors Fas, TNFR1 

15 and DR3, respectively, "using Lipman-Pearson Protein Alignment (with 

16 the following parameters: Ktuple 2; Gap Penalty 4; Gap Length Penalty 

17 12)" (NX 2099, H 31). 

18 65. Dr. Reed opines that a death domain amino acid sequence identity of 

19 approximately 21-33 percent is "significant" because Chinnaniyan (NX 

20 2058) reported that the death domain of DR3 was 47 and 23 percent 

21 identical to that of TNFR1 and Fas, respectively, while Marsters (NX 

22 2059) reported that the death domain of DR3 was 48 and 20 percent 

23 identical to that of TNFR1 and Fas, respectively (NX 2099, 31). 
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1 66. Chinnaiyan reported using MegAlign™ software to align the compared 

2 amino acid sequences (NX 2058, Fig. 1). 

3 67. MegAlign™ software can create alignments between two or more 

4 sequences according to different methods, e.g., the clustal method or the 

5 Jotun Hein method (see e.g., U.S. Patent 6,277,568, col. 8, II. 22-41). 

6 68. Neither Chinnayian nor Marsters reported the alignment program and 

7 parameters used to obtain their respective percent sequence identity 

8 scores. 

9 69. Dr. Reed did not explain percent sequence identity scoring, e.g., how 

10 different alignment methods and parameters calculate percent sequence 

1 1 identity scores; how different alignment methods are compared 

12 (normalized to account for the use of parameter differences in sequence 

13 lengths, gaps, gap positions, etc.); the significance, if any, of comparing 

14 sequences within predicted structural features (e.g., a death domain or 

1 5 extracellular domain) versus over their entire primary amino acid 

16 sequence; standard error of the method(s) used; use of iteration, etc. 

17 70. For example, according to Tartaglia, 

18 [i]t has been noted previously that the intracellular 

19 domain of TNF-R1 shares a weak homology (29% 

20 identity over 45 amino acids) with the intracellular 

21 domain of Fas antigen. Upon further inspection of 

22 these sequences, we noted that introduction of a 1 

23 amino acid gap in the Fas sequence extended the 

24 region of homology an additional 20 amino acids 

25 (Figure 3). [NX 2067, 6 p. 846, col. 2,1(1, emphasis 

26 added, citation omitted.] 



6 Tartaglia et al. (Tartaglia), "A Novel Domain within the 55 kd TNF Receptor Signals Cell Death," 
Cell . Vol. 74, pp. 845-853 (10 September 1 993) (NX 2067). 
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1 71. Nonetheless, Dr. Reed believes that one of ordinary skill in the art would 

2 have reasonably expected the putative death receptor DR5 of the '846 

3 specification to have utilities similar to known utilities of other known 

4 death receptors TNFR1, Fas and DR3 (NX 2099, fflf 33-34). 

5 72. According to Dr. Reed, "the most reasonable conclusion to draw from 

6 Ni's March 17, 1997 application is that DR5 is expected, by persons of 

7 ordinary skill in the art, to be a novel death receptor" and, therefore, 

8 skilled artisans "would have predicted that activation of DR5 would 

9 induce apoptosis" (NX 2099, 32, emphasis added). 

10 73. According to Dr. Reed, induction of apoptosis involves activating 

1 1 (aggregating) the death receptor on the surface of a cell (in its 

12 membrane) and activating a family of caspase enzymes inside the cell 

13 (NX 2099, 24). 

14 74. Further according to Dr. Reed, activation (aggregation) of the death 

15 receptor could be caused by (i) ligand binding to the death receptor, (ii) 

16 antibody binding to the death receptor or (Hi) overexpression of the death 

17 receptor on the cell surface (NX 2099, U 24). 

18 75. Dr. Reed testified that 

19 if one would want to determine to which TNF ligand 

20 DR5 binds, Ni's March 17, 1997 application [i.e., the 

21 '846 application], in combination with what was known 

22 in the art at the time, provides all of the necessary 

23 information. For example, Ni's March 17, 1997 

24 application states that DR5 binds to a TNF-family 

25 ligand (Exhibit 2042, pg. 4, ffl|2-3; pg. 26, fl; pages 

26 28-29; pg. 31, IP, pg. 31, ff1 [sic]), which would have 

27 been expected by a person of ordinary skill in the art 

28 in view of the literature that was available by March 

29 17, 1997. Additionally, Ni's March 17, 1997 
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1 application specifically defines "a TNF family ligand 1 ' 

2 as a limited number of molecules, one of which is 

3 TRAIL. (Exhibit 2042, pg. 31, lines 4-9). The Ni 

4 March 17, 1997 application also teaches assays, such 

5 as cellular response assays, that could be used to 

6 determine whether TRAIL, or any other of the listed 

7 TNF ligands, binds to DR5. (Exhibit 2042, pg. 26, 

8 lines 12-26; pg. 27, line 21 through pg. 29, line 6). 

9 Alternatively, as of March 17, 1997, it would have 

1 0 been routine for one of ordinary skill in the art to 

1 1 have tested whether DR5 binds to the TNF-family 

12 ligands recited in Ni's May [sic] 17, 1997 

13 application, including TRAIL. Thus, if one wanted to 

14 have determined whether DR5 bound to a TNF 

15 ligand, including TRAIL, the Ni March 17, 1997 

16 application, in combination with what was known in 

1 7 the art at the time, teaches all of the needed 

18 information. [NX 2099, U 56, emphasis and bracketed 

19 text added.] 

20 76. Dr. Reed notes that while most TNF family receptors have been shown 

21 experimentally to bind to specific TNF family ligands, some receptors "do 

22 not have known ligands to date, or a delay of many years occurred 

23 before the specific ligand was established" (NX 2099, 1 8). 

24 77. According to the '846 specification, there are eleven known TNF ligand 

25 members, i.e., TNF-a, lymphotoxin-a (LT-a, also known as TNF-B), LT-IS 

26 (found in complex heterotrimer LT-a2-IJ), FasL, CD40, CD27, CD30, 4- 

27 1BB, OX40 and nerve growth factor (NGF) (NX 2042, p. 1, II. 21-25) and 

28 TRAIL p. 31,11.6-9). 

29 78. TRAIL was identified as a TNF family ligand by at least December 1995 

30 (NX 2096). 

31 79. The '846 specification defines "TNF-family ligand" as 

32 naturally occurring, recombinant, and synthetic 

33 ligands that are capable of binding to a member of the 

34 TNF receptor family and inducing the ligand/receptor 
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signaling pathway. Members of the TNF ligand family 
include, but are not limited to, DR5 ligands, TRAIL, 
TNF-a, lymphdtoxin-a [sic] (LT-a, also known as TNF- 
R), LT-(i (found in complex heterotrimer LT-a2-ft), 
FasL, CD40, CD27, CD30, 4-1 BB, OX40 and nerve 
growth factor (NGF). [NX 2042, p. 31, II. 4-9, 
emphasis added.] 



8 



80. Dr. Reed relies on Ni's later filed '201 application (NX 2056, Figure 6A) 



9 



and on a later published August 1997 article (NX 2031 7 ) to support his 



10 



testimony that DR5 "necessarily" binds to TRAIL and "necessarily' 



11 



induces apoptosis (NX 2099, 57). 



12 



A constructive reduction to practice requires a described and enabled 



13 anticipation under 35 U.S.C. § 102(g)(1). To fulfill the written description 

14 requirement, the patent specification must describe an invention in sufficient 

15 detail that one skilled in the art can clearly conclude that the inventor invented 

16 what is claimed. Lockwood v. Am. Airlines, Inc. . 107 F.3d 1565, 1572, 41 

17 USPQ2d 1961, 1966 (Fed. Cir. 1997). The specification "need not describe the 

18 claimed subject matter in exactly the same terms as used in the claims; it must 

19 simply indicate to persons skilled in the art that as of the [filing] date the applicant 

20 had invented what is now claimed." Eiselstein v. Frank . 52 F.3d 1035, 1038, 34 

21 USPQ2d 1467, 1470 (Fed. Cir. 1995) (citing Vas-Cath Inc. v. Mahurkar , 935 F.2d 

22 1 555, 1 562, 1 9 USPQ2d 1111, 1115 (Fed. Cir. 1 991 ) and In re Wertheim , 541 

23 F.2d 257, 265, 191 USPQ 90, 98 (CCPA 1976). Furthermore, "the fact that a 

24 characteristic is a necessary feature or result of a prior-art embodiment (that is 

25 itself sufficiently described and enabled) is enough for inherent anticipation, 

7 Guohua Pan, Jian Ni, Ying-Fei Wei, Guo-liang Yu, Reiner Gentz, Vishva M. Dixit, "An 
Antagonist Decoy Receptor and a Death Domain-Containing Receptor for TRAIL/ 1 Science . Vol. 
277, pp. 815-18 (8 August 1997). 
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1 even if that fact was unknown at the time of the prior invention" (Toro Co. v. 

2 Deere & Co. , 69 USPQ2d 1584, 1590 (Fed. Cir. 2004), bold emphasis added 

3 (citing Schering Corp. v. Geneva Pharmaceuticals, Inc. , 339 F.3d 1373, 1378, 67 

4 USPQ2d 1664, 1668-69 (Fed. Cir. 2003) and Atlas Powder Co. v. Ireco Inc. . 190 

5 F.3d 1342, 1347, 51 USPQ2d 1943, 1947-48 (Fed. Cir. 1999)). 

6 Here, the subject matter of the count is directed to a family of DNA 

7 molecules which encodes a functional protein , i.e., a TNF death receptor protein 

8 that binds TRAIL (a TNF ligand known to be capable of inducing apoptosis). 

9 Relying on the testimony of Dr. Reed, Ni contends that the similarity of the 

10 deduced amino acid sequence of DR5 to the amino acid sequences of three 

1 1 known TNF death receptor proteins (TNFR1, Fas and DR3) as described in the 

12 '846 application is sufficient to characterize DR5 as a putative TNF death 

13 receptor protein and to reasonably predict that DR5 has utilities/functions similar 

14 to known death receptor proteins, e.g., induction of apoptosis upon activation. 

15 Neither the disclosure of the '846 application nor the testimony of Dr. Reed is 

16 as explicit as Ni argues. The '846 application suggests that the protein encoded 

17 by the DNA of Figure 1 may be classified as a putative TNF death receptor 

18 protein. Dr. Reed testified that the most reasonable conclusion a person of 

19 ordinary skill in the art would draw from the '846 application is that DR5 "is 

20 expected ... to be a novel death receptor" (FF 64). However, the factual basis for 

21 this conclusion is not persuasive. The '846 specification does not describe 

22 preparing (e.g., expressing and purifying the product of the DNA of Figure 1) a 

23 DR5 polypeptide or ligand binding portion thereof. The '846 specification does 
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1 not describe an activated (functional) DR5 or identify the TNF ligand which 

2 activates (binds to) DR5. 

3 Since TRAIL was known to be capable of inducing apoptosis (FF 27), 

4 identifying TRAIL as the TNF ligand which bound to DR5 in the '846 application 

5 would have been one way of describing DR5 as capable of inducing apoptosis. 

6 Dr. Reed testified that the '846 application "states that DR5 binds to a TNF-family 

7 ligand" and that there were "assays, that could be used to determine whether 

8 TRAIL, or any other of the listed TNF ligands, binds to DR5" (FF 75). Dr. Reed 

9 further testified that "it would have been routine for one of ordinary skill in the art 

10 to have tested whether DR5 binds to the TNF-family iigands recited" in the '846 

1 1 application, "including TRAIL" (FF 75). Notably, the '846 specification 

12 enumerates "DR5 ligands" as separate and distinct ligands in the list of TNF 

13 ligands, including TRAIL (FF 54), the implication being that DR5 might bind to 

14 either a known TNF ligand, e.g., TRAIL, or an as yet unknown TNF ligand, i.e., a 

15 DR5 ligand, or another TNF ligand known to be capable of inducing another 

16 function, e.g., cell proliferation. 

17 In short, there is neither explicit nor implicit disclosure in the '846 application 

18 said to show that the DR5 polypeptide encoded by the DNA of Figure 1 is a 

19 functional/bioactive protein. The cognate ligand for DR5 was not explicitly 

20 identified in the '846 application, although it would have been routine for one of 

21 ordinary skill in the art to do so using known techniques, as testified to by Dr. 

22 Reed (FF 75). However, Ni has failed to explain how such "routine 

23 experimentation" satisfies the written description requirement of 35 U.S.C. § 1 12, 
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1 first paragraph. Moreover, there could be no explicit description of an activated 

2 DR5 polypeptide based on antibody binding or overexpression in mammalian 

3 cells absent obtaining the DR5 polypeptide, e.g., by expressing (or 

4 overexpressing) the product of the DNA of Figure 1 to obtain a protein against 

5 which to raise an antibody. Furthermore, one of ordinary skill in the art could not 

6 have reasonably predicted the function(s) of DR5 based solely on the similarity 

7 between its deduced amino acid sequence as set forth in Figure 1 of the '846 

8 application and the amino acid sequences of TNFR1, Fas and DR3 in view of the 

9 state of the art when the '846 application was filed for the following reasons. 

10 Genes encode proteins by providing a sequence of nucleic acids that is 

1 1 translated into a sequence of amino acids. Methods used to identify novel genes 

12 are classified into two types, i.e., homology based or non-homology based, in 

13 homology based methods, for example, clones from a cDNA library are cloned 

14 and analyzed (sequenced). The resultant nucleotide sequences and/or deduced 

1 5 amino acid sequences are checked against databases for similarity (homology) 

16 to previously characterized sequences on the theory that molecules with similar 

17 sequences would be expected to perform similar functions. However, one of the 

18 difficulties in identifying a functional protein is that function depends not only on 

19 the amino acid sequence of the protein, but also on other factors, e.g., the 

20 structure of the protein. 

21 In order for a protein to function properly its amino acid sequence (primary 

22 structure) must fold itself up. into a complex three-dimensional shape which 

23 allows for molecular recognition. Molecular recognition often involves only a 
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1 small number of key amino acid residues on the functional surfaces of interacting 

2 molecules. These residues are dispersed in diverse regions of the primary 

3 amino acid sequence due to the complex structural organization of the protein. 

4 There are multiple levels to the structural organization of a protein. The primary 

5 structure of a protein refers to the linear arrangement of amino acid residues 

6 along a polypeptide chain. Secondary structures form through interactions 

7 between amino acids typically found near each other in the peptide chain which 

8 fold parts of the chain into regular structures, e.g., a helices and U sheets. 

9 Tertiary structure folds both the secondary structures and the regions between 

10 them into compact three-dimensional shapes in an energetically favourable way. 

1 1 Quaternary structure refers to the organization of several polypeptide chains into 

12 a single protein molecule, e.g., hemoglobin is a tetramer. Consequently, amino 

13 acid residues rather near to each other in a protein's primary structure may be 

14 rather distant in the protein's ultimate quaternary structure. [See generally, 

15 MOLECULAR CELL BIOLOGY ("MCB"), second edition, Darnell et a!., W.H. 

16 Freeman and Company, New York, NY (1990), pp. 44-48 (copy enclosed)]. 

17 For example, an enzyme is a protein that catalyzes a biochemical 

18 reaction. The function of an enzyme relies on the structure of its "active site," a 

1 9 specific cavity-like region on the surface of the three-dimensional enzyme which 

20 allows a snug fit (molecular recognition) between the enzyme and its substrate 

21 (reactant in the reaction being catalyzed). The active site contains key amino 

22 acids that bind the substrate and are involved in the reaction catalyzed by the 

23 enzyme. These key amino acids are brought into proximity (into the active site) 
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1 by protein folding. [See generally, MICROBIOLOGY: An Introduction, Tortora et 

2 al., The Benjamin/Cummings Publishing Company, Inc., Menlo Park, California, 

3 (1982) pp. 111-112, copy enclosed; MCB, pp. 55-65, copy enclosed.] 

4 On the other hand, mutations that cause human disease often disrupt 

5 protein structure, thereby altering or abolishing normal protein function. For 

6 example, sickle cell anemia occurs in humans that are homozygous for a B- 

7 hemoglobin gene that differs from the normal adult hemoglobin gene by a single 

8 base pair, resulting in a change in a single amino acid from glutamate to valine in 

9 position 5. This substitution is on the surface of the abnormal hemoglobin (Hb S) 

10 and changes the electrostatic charge on the surface of Hb S. When oxygen is 

1 1 removed from Hb S, the protein polymerizes into rigid crystals that deform a 

12 sickle cell patient's red blood cells. Thus, although normal hemoglobin and Hb S 

13 have virtually identical primary amino acid sequences, a single amino acid 

14 change in Hb S alters its quaternary structure and results in abnormal protein 

15 function. [See generally, CLINICAL DIAGNOSIS AND MANAGEMENT BY 

16 LABORATORY METHODS, sixteenth edition, J. B. Henry ed., W.B. Saunders 

17 Company, Philadephia (1979), Vol. I, p. 992, copy enclosed.] 

18 Ergo, "[s]equence comparison can indicate whether an RNA or protein 

19 molecule or region of DNA is already known (identity) or has some degree of 

20 similarity to a known sequence" (MOLECULAR BIOLOGY AND 

21 BIOTECHNOLOGY, R. Meyers, ed., VCH Publishers, Inc., New York, NY (1995), 

22 p. 860, c. 1 , If 1 , copy enclosed). However, since "[t]he function of nucleic acids 
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1 and proteins depend on their structure and involves complex interactions in three 

2 dimensions", 



1 1 Indeed, the difficulties in predicting the structure and function of a protein from 

12 just its amino acid sequence (primary structure) are so well known in the art that 

13 the ability to characterize the structure and function of a protein from its amino 

14 acid sequence has been called the "Holy Grail" of molecular biology (RX 1061, p. 

15 511,0.2,^(1 top. 512, c. 1,111). 

16 81. Genchong Cheng, Ph.D., is a witness for Rauch and has been qualified 

17 as an expert to give opinions on the subjects of signal transduction and 

18 gene expression networks through the TNFR, Toll-like receptor (TLR) 

19 and Nod receptor families during immune responses. 

20 82. According to Dr. Cheng, 

21 [s]equence homology to other death domain- 

22 containing TNF receptors may be sufficient to 

23 convince one of ordinary skill in the art that a novel 

24 protein is a TNFR family member. However, 

25 sequence homology alone is not sufficient to support 

26 an assertion that a novel TNFR family member 

27 protein will induce specific biological activities such as 

28 apoptosis. Without additional data regarding the 

29 activity of a TNFR family member, such as, for 

30 example, the identity of the ligand with a known 

31 function (such as TRAIL) to which the receptor binds, 

32 one of ordinary skill in the art cannot reasonably 

33 predict the function of the TNFR family member. [RX 

34 1049.U13.] 



3 
4 
5 
6 
7 
8 
9 
10 



[i]t is not presently understood whether it is possible, 
in general, to derive structure from sequence. 
Sequence alone is therefore often inadequate to 
determine function. Predictions made from sequence 
analysis need to be experimentally tested. 
Nonetheless, computer analysis of sequences is 
valuable in suggesting the most useful experiments to 
perform, [id., p. 860, c. 1,1(2.] 
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1 IMi's own witness, Dr. Reed, did not testify that the specification and figures 

2 of the '846 application would have reasonably conveyed to one of ordinary skill in 

3 the art that a DR5 having the deduced amino acid sequence shown in Figure 1 is 

4 in fact a functional death receptor protein based solely on its amino acid 

5 sequence (primary structure). Dr. Reed did not testify that one of ordinary skill in 

6 the art would have understood the '846 application to describe a DNA encoding a 

7 functional death receptor protein. Rather, Dr. Reed testified to "the most 

8 reasonable" (not the necessary and always) conclusion that one of ordinary skill 

9 in the art would have drawn from the disclosure of the '846 application (FF 72). 

10 Dr. Reed bases this conclusion on his testimony that there was "significant" 

1 1 percent sequence identity between the deduced amino acid sequence of DRS's 

12 death domain and the death domains of TNFR1 , Fas and DR3 (FFs 64 and 65). 

13 However, we decline to credit that testimony because Dr. Reed did not provide a 

14 sufficient basis for his opinion. Dr. Reed did not explain how percent sequence 

15 identity scores were obtained, identify what alignment methods and parameters 

16 were used by the "references" (Chinnayian and Marsters (NX 2058 and NX 

17 2059)), explain how percent identity scores based on different alignment 

18 methods and parameters relate to each other, what standard of error was 

19 typically found, whether iteration was necessary to obtain a statistically valid 

20 result, etc. 37 CFR § 41.158. Standing Order, H 24. Further, as illustrated by 

21 the discussion of Hb S above, even very small differences between protein 

22 variants with' highly similar ajriino acid sequences % can produce significant 

23 differences in function. 
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1 Therefore, in view of the state of the art at the time the '846 application 

2 was filed and the testimony of both Drs. Reed and Cheng, we find that the '846 

3 application does not describe an isolated DNA encoding a functional protein 

4 which binds TRAIL within the scope of Count 1 . Rather, the '846 application 

5 describes an isolated DNA which encodes a polypeptide which may be 

6 preliminarily classified as a TNF death receptor protein based upon its deduced 

7 amino acid sequence. However, given the unpredictability of determining 

8 function from structure, a person skilled in the art would have had to carry out 

9 further research to identify the function(s) of the protein encoded by the DNA set 

10 forth in Figure 1 of the '846 application. 

1 1 Anticipation is a question of fact, not a conclusion of law, no matter how 

12 reasonable that conclusion may appear to be. Putative assignment to a protein 

1 3 (sub)family does not assess the. actual biological function/utility of a gene 

14 sequence and encoded protein product given the unpredictability of determining 

15 function from structure. Ni has failed to establish that the '846 application 

16 describes a DNA encoding a functional death receptor protein based solely on 

17 the disclosure of a deduced amino acid sequence. Brenner v. Manson , 383 U.S. 

18 519, 532, 148 USPQ 689, 694 (1966) ("the presumption that adjacent 

19 homologues have the same utility has been challenged in the steroid field 

20 because of 'greater known unpredictability of compounds in that field/"). 

21 Ni argues that the DR5 protein of the '846 application inherently binds 

22 TRAIL and that the '846 specification explicitly teaches that DR5 binds a TNF 

23 ligand selected from a limited list which includes TRAIL (Paper 29, p. 2, 3), 
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1 First, before considering whether a limitation is an inherent characteristic 

2 of an embodiment within the scope of a count, that embodiment must itself be 

3 sufficiently described and enabled. Toro, 69 USPQ2d at 1590. Thus, this 

4 argument fails because Ni has not established that the '846 application describes 

5 an enabled embodiment within the scope of Count 1 for the reasons above. 

6 Second, arguing that DR5 binds a TNF ligand from a limited list which 

7 included TRAIL is also unpersuasive. The '846 specification does not explicitly 

8 identify TRAIL as the cognate ligand for DR5. The so-called "limited list" to which 

9 Ni refers apparently covers all the known and unknown ligands of the TNF family, 

10 i.e., the list enumerates the eleven then known TNF ligands and then adds a 

1 1 catch-all "DR5 ligands," seemingly in the event DR5 did not bind any of the then 

12 known TNF ligands. Neither the disclosure of the '846 application nor the 

13 testimony of Dr. Reed suggests that DR5 necessarily and always binds TRAIL or 

14 that DR5 binds a ligand selected from a limited subset of TNF ligands. 



15 Third, while a specific DNA sequence may render a protein having a 

16 particular amino acid sequence obvious, a DNA is not a protein and, therefore, 

1 7 does not anticipate the encoded protein and its inherent properties. 

18 Fourth, NTs reliance on cited case law is misplaced. Ni argued that 

19 even without express appreciation of a limitation 

20 recited in a count, disclosure in a priority application 

21 of an embodiment which is later shown to inherently 

22 possess a characteristic satisfying that limitation is 

23 sufficient to establish constructive reduction to 

24 practice. See e.g., Silvestri v. Grant 496 F.2d 593, 

25 599, 181 U.S.P.Q. 706, 710 (CCPA 1974) ("The 

26 invention is not the language of the count but the 

27 subject matter thereby defined."); See also Hudziak v. 

28 Ring, 2005 Pat App. LEXIS 26 (Bd. Pat. App. Intf., 

29 Sept. 2005) (confirming that a party's priority 
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applications, which disclosed an antibody but did not 
state the antibody bound to a particular receptor 
protein (HER2) as recited in the count, were 
nonetheless constructive reductions to practice 
because subsequent evidence showed that the 
antibody bound HER2.) [Paper 29, p. 8, U 1. original 
emphasis.] 



8 



Neither Silvestri nor Hudziak are on point. Silvestri has been discussed 



9 above (§ II!. Ni Substantive Motion I). In Silvestri . the court held that the 

10 evidence established that Silvestri had prepared a new form of ampicillin, that 

1 1 Silvestri recognized and appreciated the existence of the new form of ampicillin 

12 and that the new form of ampicillin had utility, id., 496 F.2d at 598-601, 181 

13 USPQ at 709-712. The court acknowledged that the ampicillin of the count 

14 required a molecular weight of about 349 and greater storage stability than the 

1 5 previously known form of ampicillin. However, the court thought these were 

16 inherent properties of the new form of ampicillin that Silvestri was said to have 

17 obtained, recognized and described, id., 496 F.2d at 599, 181 USPQ at 709. 

18 The court noted in Silvestri that the reduction to practice test does not require in 

19 haec verba appreciation of each of the limitations of the count: 

20 This standard does not require that Silvestri establish 

21 that he recognized the invention in the same terms as 

22 those recited in the count. The invention is not the 

23 language of the count but the subject matter thereby 

24 defined. Silvestri must establish that he recognized 

25 and appreciated as a new form, a compound 

26 corresponding to the compound defined by the count. 

27 id., 496 F.2d at 599, 181 USPQ at 710. 

28 Here, the DNA of the count is a precursor to a new compound, a protein 

29 which binds TRAIL. Thus, it is necessary to consider whether the '846 

30 application describes the encoded protein and its properties/uses. While the '846 
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1 application describes a specific DNA, it only speculates that the DNA of Figure 1 

2 encodes a protein having the desired properties. Ni is not in the same position 

3 as Silvestri, whose application specifically described an ampicillin compound, 

4 specifically recognized it as a new form of ampicillin and specifically described 

5 certain properties of the compound. Ni's application describes a precursor to an 

6 encoded protein, but only speculates on the nature and properties of that protein. 

7 Therefore, Silvestri is not on point. 

8 Similarly, in Hudziakv. Ring . 80 USPQ2d 1018, 1019 (Bd. Pat. App. & Int 

9 2005), the count was directed to a monoclonal antibody that bound human 

10 epidermal growth factor receptor 2 (HER2). A panel of the Board decided that 

11 Chiron's (Ring's real party-in-interest) 1984 application disclosed an embodiment 

12 within the count, i.e., a murine monoclonal antibody designated 454C11. id. The 

13 panel noted that the 1984 application (06/577,976) stated that hybridomas which 

14 produced 454C1 1 were deposited with the ATCC and that evidence submitted by 

15 Chiron established that 454C1 1 bound HER2. jd. at 1020-21 . 

16 83. The panel also noted in its decision (Paper 258, p. 129) that "Table 3 of 

17 the 1984 application reports the binding of antibodies to breast cancer 

18 cell lines and indicates that 454C1 1 binds to SKBR3 cells, which are now 

19 known to express HER2. (CX 1081, p. 3). M 

20 Thus, in Hudziak , Chiron was said to have actually prepared an embodiment 

21 within the count, monoclonal antibody 454C1 1, and to have described it as a 

22 new protein and appreciated one of its properties/functions, i.e., that it bound to 

23 breast cancer cells. NTs '846 application, on the other hand, describes a 
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1 precursor to an encoded protein, but only speculates on the nature and 

2 properties of that protein. Therefore, Hudziak is not on point. 



4 death receptor protein of the TNF family, we do not reach the issue of what the 

5 inherent characteristics of that protein are. In both Silvestri and Hudziak , the 

6 application specifically described compounds that were recognized as novel and 

7 as having certain properties. These described and characterized compounds 

8 were later found to have other properties required by the count. Here, Ni's '846 

9 application does not describe and characterize the protein encoded by the DNA 

10 of Figure 1. Ni's application only speculates on the nature and properties of the 

1 1 encoded protein and that speculation is insufficient to show possession of an 

12 enabled embodiment within the count which is later found to have other 

13 properties required by the count. 

14 84. Lastly, Ni argues DR5 DNA might be used as "diagnostic reagents for 

15 detecting mutated forms of DR5 associated with a dysfunction (e.g., 

16 diseases which result from under-expression, over-expression or altered 

17 expression of DR5, such as tumors or autoimmune diseases)" or "in 

18 gene transfer applications" (Paper 29, ^ bridging pp. 10-11). 

19 As noted by Rauch in its opposition (Paper 53, pp. 13-14), these uses are 

20 premised on expression of the encoded DR5 protein being linked to a particular 

21 disease state or on the ability of DR5 to induce apoptosis. The '846 application 

22 does not describe how to use a DNA encoding DR5 because it only speculates 

23 on the nature and properties of DR5. 



3 



Since Ni has failed to establish that , 846 application describes an enabled 
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1 Based on the foregoing, Ni is not entitled to benefit of the filing date of the 

2 '846 application as to Count 1. 

3 In conclusion, Ni substantive motion 2 is granted-in-part, denied-in-part 

4 and dismissed-in-part 

5 VII. Rauch Substantive Motion 2 

6 Pursuant to 37 CFR § 41 .121(a)(1)(i), Rauch moves to redefine the scope 

7 of the interference by designating Ni claims 321 , 322, 324 and 477 of the '583 

8 application as corresponding to Count 1 (Paper 34). Ni opposes (Paper 49); 

9 Rauch replies (Paper 61 ). 

1 0 "A claim corresponds to a count if the subject matter of the count, treated 

1 1 as prior art to the claim, would have anticipated or rendered obvious the subject 

12 matter of the claim." 37 CFR § 1.207(b)(2). The subject matter of Count 1 is 

13 directed to a genus of isolated DNAs that encode a polypeptide having an amino 

14 acid sequence that is at least 90% identical to SEQ ID NO:2 of Rauch's involved 

15 '642 patent, wherein the polypeptide binds TRAIL (FF 10 and 11). It is 

16 undisputed that the TRAIL-R protein described in SEQ ID NO:2 of the '642 patent 

17 is the 440 amino acid isoform of a receptor protein alternatively referred to in the 

18 literature as TR-2, DR5, Apo-2 TRICK2 and KILLER (FF 23). 



19 85. It is undisputed that the DR5 protein disclosed in the '583 application is 

20 the 41 1 amino acid isoform of TR-2 (see Paper 49, p. B-1, where Ni 

21 admits Rauch SMFs 6 and 7 as set forth in Paper 34, p. 10). 

22 86. Amino acid residues 1 to 440 of SEQ ID NO:2 of Rauch's '642 patent are 

23 identical to amino acid residues -51 to 360 of SEQ ID NO:2 of Ni's '583 



i 
i 
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1 application except for the inclusion of additional amino acid residues 185 

2 to 213 in SEQ ID NO:2 of Rauch's '642 patent (RX 1044, pp. 58-60; RX 

3 1046, ccs. 33-35). 

4 87. Amino acid residues 52-184 of SEQ ID NO:2 of Ni's 583 application 

5 constitute the extracellular domain of DR5, which is the region of DR5 

6 said to bind TRAIL (RX 1004, p. 6, II. 6-7 and Example 6, pp. 53-54). 

7 88. Claim 319 of the '583 application reads: 

8 An isolated polynucleotide comprising a nucleic acid 

9 which encodes amino acids 1 to 360 of SEQ ID NO:2. 

10 89. Claim 321 of the '583 application reads: 

1 1 The polynucleotide of claim 319, wherein said nucleic 

12 acid encodes amino acids -50 to 360 of SEQ ID NO:2. 

1 3 90. Amino acid residues 2 to 440 of SEQ ID NO:2 of Rauch's '642 patent are 

14 identical to amino acid residues -50 to 360 of SEQ ID NO:2 of Ni's '583 

15 application except for the inclusion of additional amino acid residues 185 

16 to 213 in SEQ ID NO:2 of Rauch T s '642 patent (RX 1044, pp. 58-60; RX 

17 1046, ccs. 33-35). 

18 91. The polynucleotide of claim 321 includes the region of DNA which 

19 encodes the extracellular domain of DR5 and, therefore, encodes a 

20 polypeptide that binds TRAIL. 

21 92. Therefore, the polynucleotide of Ni claim 321 encodes a polypeptide 

22 which is at least 90% identical to the amino acid sequence of SEQ ID 

23 NO:2 of Rauch's '642 patent and which binds TRAIL 

24 93. Claim 322 of the '583 application reads: 

25 The polynucleotide of claim 321 , which comprises 

26 nucleotides 133 to 1362 of SEQ ID NO:1. 
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1 94. Nucleotide residues 133 to 1362 of SEQ ID NO:1 of the '583 application 

2 encode amino acid residues -50 to 360 of SEQ ID NO:2 of the '583 

3 application which are identical to amino acid residues 2 to 440 of SEQ ID 

4 NO:2 of Rauch's '642 patent except for the inclusion of additional amino 

5 acid residues 1 85 to 21 3 in SEQ ID NO:2 of Rauch's '642 patent (RX 

6 1044, pp. 58-60; RX 1046, ccs. 33-35). 

7 95. The polynucleotide of claim 322 includes the region of DNA which 

8 encodes the extracellular domain of DR5 and, therefore, encodes a 

9 polypeptide that binds TRAIL. 

10 96. Therefore, the polynucleotide of Ni claim 322 encodes a polypeptide 

1 1 which is at least 90% identical to the amino acid sequence of SEQ ID 

12 NO:2 of Rauch's '642 patent and which binds TRAIL. 

13 97. Claim 324 of the '583 application reads: 

14 The polynucleotide of claim 322, which comprises 

15 nucleotides 130 to 1362 of SEQ ID NO:1. 

16 98. Nucleotide residues 130 to 1362 of SEQ ID NO:1 of the '583 application 

17 encode amino acid residues -51 to 360 of SEQ ID NO:2 of the '583 

18 application which are identical to amino acid residues 1 to 440 of SEQ ID 

19 NO:2 of Rauch's '642 patent except for the inclusion of additional amino 

20 acid residues 185 to 213 in SEQ ID NO:2 of Rauch's '642 patent (RX 

21 1044, pp. 58-60; RX 1046, ccs. 33-35). 

22 99. The polynucleotide of claim 324 includes the region of DNA which 

23 encodes the extracellular domain of DR5 and, therefore, encodes a 

24 polypeptide that binds TRAIL. 
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1 100. Therefore, the polynucleotide of Ni claim 324 encodes a 

2 polypeptide which is at least 90% identical to the amino acid sequence of 

3 SEQ ID NO:2 of Rauch's '642 patent and which binds TRAIL. 

4 101. Claim 476 of the '583 application reads: 

5 An isolated polynucleotide comprising a nucleic acid 

6 which encodes the mature amino acid sequence 

7 encoded by the cDNA clone in ATCC Deposit No. 

8 97920. 

9 102. Claim 477 of the '583 application reads: 

10 The polynucleotide of claim 476, wherein said nucleic 

1 1 acid encodes the complete amino acid sequence 

12 encoded by the cDNA clone in ATCC Deposit No. 

13 97920. 

14 103. According to the '583 specification, the cDNA in ATCC Deposit No. 

15 97920 encodes a DR5 polypeptide having the amino acid sequence set 

16 forth in SEQ ID NO:2 (RX 1044, p. 9, II. 5-8). 

17 104. The polynucleotide of claim 477 includes the region of DNA which 

18 encodes the extracellular domain of DR5 and, therefore, encodes a 

19 polypeptide which binds TRAIL. 

20 105. Therefore, the polynucleotide of Ni claim 477 encodes a 

21 polypeptide which is at least 90% identical to the amino acid sequence of 

22 SEQ ID NO:2 of Rauch's '642 patent and which binds TRAIL. 

23 106. In essence, Rauch's position is that "as long as a single species of 

24 a claim falls within the count, then that claim corresponds to the count" 

25 (Paper 34, p. 5, fl1). 

26 Rauch has established that each species of isolated polynucleotide recited 

27 in Ni claims 321, 322, 324 and 477 falls within the generic isolated TRAIL-R DNA 
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1 of Count 1 (FF 73-92). Rauch's position is that "if Count 1 were prior art to the Ni 

2 claims, it would anticipate the claims 11 (Paper 34, p. 5, U 2). 

3 A prior art species within a claimed genus reads on the generic claim and 

4 anticipates. In re Gostelli . 872 F.2d 1008, 1010, 10 USPQ2d 1614, 1616 (Fed. 

5 Cir. 1989). However, a species claim is not necessarily obvious in light of a prior 

6 art disclosure of a genus. In re Baird . 16 F.3d 380, 382, 29 USPQ2d 1550, 1552 

7 (Fed. Cir. 1994). In other words, the "earlier disclosure of a genus does not 

8 necessarily prevent patenting a species member of that genus." Eli Lilly & Co. v. 

9 Bd. of Regents of the Univ. of Washington , 334 F.3d 1264, 1270, 67 USPQ2d 

10 1161, 1165 (Fed. Cir. 2003Mcitina Bristol-Mvers Squibb Co, v. Ben Venue Labs., 

11 Inc., 246 F.3d 1368, 1380, 58 USPQ2d 1508, 1516-17(Fed. Cir. 2001)). 

12 Here, Rauch has the burden of establishing that each of Ni claims 321, 

13 322, 324 and 477 would have been anticipated or rendered obvious by the 

14 subject matter of Count 1. 37 CFR § 41.121(b). Simply showing that a species 

15 claim fails within the subject matter of a generic count (see Paper 34, pp. 5-7) 

16 does not suffice to establish that the claim is anticipated or rendered obvious by 

17 the subject matter of the count. Rauch has not established why any of Ni claims 

18 321 , 322, 324 and 477 would be unpatentable over the subject matter of Count 1 , 

19 i.e., why each of these claims is an obvious species within the generic subject 

20 matter of the count. Therefore, Rauch has failed to meet its burden. 

21 Based on the foregoing, Rauch substantive motion 2 is denied. 
22 

23 
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1 VIII. Rauch Substantive Motion 3 

2 Pursuant to 37 CFR § 41.121(a)(1)(iii) and the Order issued 29 November 

3 2005 (Paper 26), Rauch moves for judgment that Ni claims 287, 289-299, 351- 

4 361, 389-403, 431, 432, 434-442, 446, 448-458, 507-517, 581 and 623-632 {"Ni 

5 claims at issue") are unpatentable under 35 U.S.C. §§ 102(a) and/or (e) as 

6 clearly anticipated by one or more of U.S. Patent 6,642,358 ("the '358 patent," 

7 RX 1042), U.S. Patent 6,072,047 ("the '047 patent," RX 1048), U.S. Patent 

8 6,569,642 ("the '642 patent," RX 1046) and WO 98/35986 ("WO *985," RX 1032) 

9 (collectively, "the Rauch references") (Paper 35, bridging pp. 2-3). Ni opposes 
10 (Paper 50); Rauch replies (Paper 63). 



1 1 107. The '358 patent issued 4 November 2003, based on application 

12 09/578,392, filed 25 May 2000, which is a divisional of application . 

13 08/883,036, filed 26 June 1997, which is a continuation-in-part of 

14 application 08/869,852, filed 4 June 1997, which is a continuation-in-part 

15 of application 08/829,536, filed 28 March 1997, which is a continuation- 

16 in-part of application 08/815,255, filed 12 March 1997, which is a 

1 7 continuation-in-part of application 08/799,861 , filed 1 3 February 1 997 

18 (RX 1042, title page). 

19 108. The f 047 patent issued 6 June 2000 based on application 

20 08/883,036, filed 26 June 1997, which is a continuation-in-part of 

21 application 08/869,852, filed 4 June 1997, which is a continuation-in-part 

22 of application 08/829,536, filed 28 March 1997, which is a continuation- 

23 in-part of application 08/815,255, filed 12 March 1997, which is a 
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1 continuation-in-part of application 08/799,861 , filed 1 3 February 1 997 

2 (RX 1048, title page). 

3 109. The '642 patent issued 27 May 2003, based on application 

4 09/536,201 , filed 27 March 2000, which is a continuation of application 

5 08/883,036, filed 26 June 1997, which is a continuation-in-part of 

6 application 08/869,852, filed 4 June 1997, which is a continuation-in-part 

7 of application 08/829,536, filed 28 March 1997, which is a continuation- 

8 in-part of application 08/815,255, filed 12 March 1997, which is a 

9 continuation-in-part of application 08/799,861 , filed 1 3 February 1 997 

10 (RX 1046, title page). 

11 no. WO '986 published 20 August 1998, based on international 

12 application PCT/US98/02239, filed 1 1 February 1998 (RX 1032, title 

13 page). 

14 According to the relevant paragraphs of 35 U.S.C. § 102: 

15 A person shall be entitled to a patent unless- 

16 (a) the invention was known or used by others in this 

17 country, or patented or described in a printed 

18 publication in this or a foreign country before the 

1 9 invention thereof by the applicant for patent, or 

2Q ***** 

21 (e) the invention was described in (1) an application 

22 for a patent, published under section 122(b), by 

23 another filed in the United States before the invention 

24 by the applicant for patent or (2) a patent granted on 

25 an application for patent by another filed in the United 

26 States before the invention by the applicant for patent, 

27 except that an international application filed under the 

28 treaty defined in section 351(a) shall have the effects 

29 for the purposes of this subsection of an application 

30 filed in the United States only if the international 
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1 application designated the United States and was 

2 published under Article 21 (2) of such treaty in the 

3 English language, or 

^ * * ★ * * 

5 References based on international applications that were filed prior to 29 

6 November 2000 are subject to the former version of 35 U.S.C. § 102(e), 8 i.e., 

7 A person shall be entitled to a patent unless ~ 

8 (e) the invention was described in a patent granted on 

9 an application for patent by another filed in the United 

10 States before the invention thereof by the applicant 

11 for patent, or on an international application by 

12 another who has fulfilled the requirements of 

13 paragraphs (1), (2), and (4) of section 371(c) of this 

14 title before the invention thereof by the applicant for 

1 5 patent. 

16 A prima facie case is made out under § 102(a) if, within a year of the filing 



17 date, the invention, or an obvious variant thereof, is described in a "printed 

18 publication" whose authorship differs from the inventive entity unless it is stated 

19 within the publication itself that the publication is describing the applicant's work. 

20 In re Katz , 687 F.2d 450, 21 5 USPQ 1 4 (CCPA 1 982). 



21 111 None of the Rauch references issued or published prior to the 17 

22 March 1 998 filing date of Ni's claims at issue. 9 

23 112. None of the Rauch references qualify as prior art under § 102(a) 

24 vis-a-vis Ni's claims at issue. 

25 Therefore, to the extent Rauch substantive motion 3 seeks a judgment that 



26 any of Ni claims at issue are unpatentable under § 102(a) over any of the Rauch 



8 Pursuant to § 13205 of Pub. L. 107-273. 

9 Rauch has not argued prior public knowledge or use of the subject matter of any of Ni's claims 
at issue. 
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1 references, the motion is denied. We now consider whether any of the Rauch 

2 references qualify as prior art under § 1 02(e). 

3 WO '986 is based on an international application filed prior to 29 November 

4 2000 (FF 110). Therefore, it must satisfy the requirements of then applicable 

5 former § 102(e) in order to qualify as prior art. Rauch has neither argued nor 

6 shown that WO '986 satisfies the requirements of the applicable § 102(e) (see 

7 Paper 35, p. 19, 1). Thus, Rauch has not established that WO '986 qualifies as 

8 prior art under the applicable § 1 02(e) vis-a-vis Ni's claims at issue. 

9 Consequently, to the extent Rauch substantive motion 3 seeks a judgment that 

10 any of Ni claims at issue are unpatentable under § 102(e) as anticipated by WO 

1 1 '986, the motion is denied. 

12 As indicated above (FF 107-109), the '358, '047 and f 642 patents are 

13 related. The '047 patent issued based on application 08/833,036 and the '358 

14 and '642 patents issued based on an application identified as a divisional or a 

15 continuation, respectively, of application 08/883,036, filed on 26 June 1997. The 

16 filing date of the 08/833,036 application is prior to the 17 March 1998 filing date 

17 of Ni's involved claims and prima facie qualifies as prior art under § 102(e) 

18 against Ni's claims at issue. It is not necessary to consider whether Ni's claims 

19 at issue are anticipated by the '358 and '642 patents, if Ni's claims are anticipated 

20 by the '047 patent. 

21 Claim chart appendix G attached to Rauch substantive motion 3 correlates 

22 the disclosure of the '047 patent to each of the limitations of each of Ni's claims 

23 at issue. Therefore, Rauch substantive motion 3, when considered in light of the 
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1 evidence relied upon in support of the motion, establishes a sufficient basis for 

2 holding Ni's claims at issue prima facie unpatentable under 35 U.S.C. § 102(e) as 

3 anticipated by the '047 patent 

4 113. Ni does not contest that the '047 patent describes the subject 

5 matter of its claims at issue. 

6 114. Rather, Ni contends that the '047 patent does not qualify as prior art 

7 because Ni's '583 application claims are argued to be entitled to benefit 

8 of the 17 March 1997 filing date of its '846 provisional application (Paper 

9 50, pp, 3-4; p. 10. fl 1; and Appendix E). 10 

10 115. Rauch maintains that Ni cannot obtain benefit of its '846 application 

1 1 due to a lack of utility (Paper 35, p. 2, 3 and p. 19, U 2 - p. 21, H 1). 

12 As stated in In re Fisher , 421 F.3d 1365, 1378 USPQ2d 1225, 1235 (Fed. 

13 Cir. 2005), 

14 [i]t is well established that the enablement 

1 5 requirement of § 1 1 2 incorporates the utility 

16 requirement of § 101. The how to use prong of 

1 7 section 1 1 2 incorporates as a matter of law the 

18 requirement of 35 U.S.C. § 101 that the specification 

19 disclose as a matter of fact a practical utility for the 

20 invention. If the application fails as a matter of fact to 

21 satisfy 35 U.S.C. §101, then the application also fails 

22 as a matter of law to enable one of ordinary skill in the 

23 art to use the invention under 35 U.S.C. § 112. 

24 The salient question is whether Ni's claims at issue are entitled to benefit of 

25 the 17 March 1997 filing date of Ni's '846 provisional application, thereby 

26 antedating the 26 June 1 997 filing date of the '047 patent. Benefit for purposes 



10 We need not consider whether Ni's "583 application claims are entitled to § 1 1 9(e) benefit of the 
29 July 1 997 filing date of Ni's '021 provisional application because the 29 July 1 997 is after the 
26 June 1997 filing date of the 08/833,036 application which issued as Rauch's '047 patent. 
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1 of antedating prior art, in this case, benefit under 35 U.S.C. § 1 19(e), is different 

2 from benefit for the purpose of priority. As set forth in section 1 19(e) of Title 35 

3 of the United States Code, 



4 [a]n application for a patent filed under section 11 1 (a) 

5 or section 363 of this title for an invention disclosed in 

6 the manner provided by the first paragraph of section 

7 1 12 of this title in a provisional application filed under 

8 section 1 1 1 (b) of this title, by an inventor or inventors 

9 named in the provisional application, shall have the 

10 same effect, as to such invention, as though filed on 

1 1 the date of the provisional application filed under 

12 section 111(b) of this title, if the application for patent 

13 filed under section 1 1 1 (a) or section 363 of this title is 

14 filed not later than 1 2 months after the date on which 

15 the provisional application was filed and if contains or 

16 is amended to contain a specific reference to the 

17 provisional application. 

18 116. Ni's '583 application claims benefit under § 1 19(e) of its '846 

19 provisional application filed 17 March 1997 (RX 1044, p. 83). 

20 The parties disagree whether the disclosure of Ni's '846 application satisfies the 

21 description and enablement requirements of § 1 1 2, first paragraph, as to the full 

22 scope of the subject matter of Ni r s '583 application claims at issue. 

23 Ni cites to specific disclosures in its "846 application said to describe every 

24 element of its claims at issue (Appendix E attached to Ni opposition 3 to Rauch 

25 motion 3). Ni argues that the '846 application discloses that DR5 DNA can be 

26 used to express (produce) DR5 polypeptides, which in turn, can be used (a) to 

27 make anti-DR5 antibodies for treating diseases associated with apoptosis or (b) 

28 as diagnostic reagents for detecting mutated forms of DR5 associated with a 

29 dysfunction or (c) as antagonists of DR signaling (Paper 50, pp. 10-13). Ni 

30 further argues that the DR5 DNA molecule itself can be used (d) as diagnostic 
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1 reagents to detect mutated forms of DR5 associated with a dysfunction, e.g., 

2 diseases which result from under-expression, over-expression or altered 

3 expression of DR5 or (e) in gene transfer applications to increase cellular 

4 apoptosis (Paper 50, pp. 13-14). Ni still further argues that DR5 antisense DNA 

5 or RNA can be used to inhibit DR5 gene expression (Paper 50, p. 14). 

6 117. Dr. Reed, testifying for Ni, stated that the technology necessary to 

7 achieve these functions was within routine skill in the art, e.g., a skilled 

8 artisan would know how to express and purify a protein (e.g., DR5) from 

9 cDNA (e.g., DR5 cDNA), how to produce antibodies that bind a desired 

10 protein (e.g., DR5), etc. (e.g., NX 2099, 35-46). 

11 118. Dr. Reed further testified that the uses for DR5 DNA and its 

12 encoded DR5 polypeptide described in the '846 application would have 

1 3 been believable to one of ordinary skill in the art because the asserted 

14 uses had previously been shown to be recognized uses of TNF death 

15 receptors TNFR1 , Fas and/or DR3 (NX 2099, 33-34, 47-52). 

16 Essentially, Dr. Reed's testimony as to the utility/enablement of DR5 DNA or 



17 its encoded DNA polypeptide is based on the assumption that the DR5 DNA 

18 described in the '846 application encoded a functional TNF death receptor and, 

1 9 therefore, what was known about the use of other death receptors was applicable 

20 to DR5 DNA and its encoded protein (see e.g., NX 2099, ffil 49 and 50 ("[b]ased 

21 on precedent from prior work in the field of TNF-family receptors" and n [b]ased on 

22 precedent from the literature where agonistic and antagonistic antibodies to other 

23 TNF-family death receptors had been produced and characterized," 
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1 respectively)). According to Ni, Dr. Reed "has testified unequivocally that 'you 

2 can reasonably make a prediction based on homology alone" and by analyzing 

3 "the particular subfamily of proteins to which DR5 belongs, i.e., death receptors", 

4 "the most reasonable conclusion to draw from Ni's March 17, 1997 application is 

5 that DR5 is expected, by persons of ordinary skill in the art to be a novel death 

6 receptor [and that] a person of ordinary skill in the art would have predicted that 

7 activation of DR5 would induce apoptosis" (Paper 50, p. 16, U 2, citations 

8 omitted). The disclosure cited by Ni in its Appendix E is no more specific than 

9 Dr. Reed's testimony. For example, in the second paragraph of the third column 

10 on page 2 of Appendix E, Ni points to page 6, lines 28-32 of the '846 application 

1 1 as disclosing that "[t]he homology DR5 shows to other death domain containing 

12 receptors strongly indicates that DR5 is also a death domain containing receptor 

13 with the ability to induce apoptosis." According to Ni, Dr. Reed properly focused 

14 on the subset of known death receptors and the "single" function that unites 

15 them, i.e., their ability to induce apoptosis (Paper 50, pp. 15-16). 

16 Rauch, on the other hand, argues that sequence homology alone is 

17 insufficient to establish that the encoded DR5 polypeptide disclosed in the *846 

18 application is in fact a TNF family death domain receptor. According to Rauch, 

19 unless the disclosure of the '846 application shows DR5 to be an actual TNF 

20 family member receptor, e.g., by identification of a known TNF ligand as its 

21 cognate ligand or by specific experimental data showing that DR5 induces a 

22 TNFR-mediated biological activity, e.g., apoptosis, inflammatory response, etc., 
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1 the '846 application fails to disclose a specific, substantial and credible utility for 

2 the encoded protein and, therefore, for the claims at issue. 



3 119. Dr. Cheng, testifying for Rauch, stated that Ni's '846 application 

4 discloses the DNA and amino acid sequence of the 

5 41 1 amino acid isoform of TR-2, which they refer to 

6 as DR5. DR5 was identified based on sequence 

7 homology to other death domain-containing members 

8 of the TNFR family, including TNFR-1 , DR3, and Fas 

9 ('846 Provisional, page 5, lines 21-24). The 

10 applicants assert that agonists to DR5 can be used to 

1 1 increase apoptosis, while antagonists to DR5 can be 

12 used to inhibit apoptosis. This assertion is based 

13 entirely on sequence homology between DR5 and the 

14 death domain-containing receptors TNFR-1, DR3, 

15 and Fas. However, the '846 Provisional does not 

16 identify a ligand for DR5 and does not contain any 

17 experimental data regarding DR5 function. 

1 8 Sequence homology to other death domain- 

19 containing receptors may be sufficient to convince 

20 one of ordinary skill in the art that a novel protein is a 

21 TNFR family member. However, sequence homology 

22 alone is not sufficient to support an assertion that a 

23 novel TNFR family member will induce specific 

24 biological activities such as apoptosis. Without 

25 additional data regarding the activity of a TNFR family 

26 member, such as, for example, the identity of the 

27 ligand with a known function (such as TRAIL) to which 

28 the receptor binds, one of ordinary skill in the art 

29 cannot reasonably predict the function of the TNFR 

30 family member. This is because TNFR family 

31 members are involved in complex signal transduction 

32 pathways, which can affect a wide spectrum of 

33 biological activities including apoptosis, inflammatory 

34 response, cell proliferation, cell survival, and other 

35 activities. The binding of certain TNFR family 

36 members by their corresponding ligands can lead to 

37 activation of multiple signal transduction pathways. As 

38 stated above, Ni's "846 Provisional contains no data 

39 regarding the ligand for DR5, nor does it disclose 

40 experimental data of its function. Without knowing 

41 more information about the activity of DR5, such as 

42 for example its specificity for a ligand with a known 

43 function, one of ordinary skill in the art could not 
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1 
2 



reasonably predict the function of the TNFR family 
member. [RX 1049, tm 12-13.] 



3 



For essentially the reasons set forth in our analysis in M § VI. Ni Substantive 



4 Motion 2" above, we credit the testimony of Dr. Cheng over that of Dr. Reed. In 

5 short, one of ordinary skill in the art might classify the product encoded by the 

6 DNA set forth in Figure 1 of the '846 application as a possible TNF death 

7 receptor protein based on the deduced amino acid sequence of the product 

8 However, given the unpredictability of determining function from structure (the 

9 "Holy Grail" of molecular biology), a skilled artisan would have had to carry out 

10 further research to identify the function(s) of the protein encoded by the DNA set 

11 forth in Figure 1 of the '846 application. Thus, the disclosure of the '846 

1 2 application fails to satisfy the "how-to-use" requirement of § 1 1 2, first paragraph, 

13 as to the subject matter of the Ni's claims at issue. Ni's claims at issue are not 

14 entitled to § 119(e) benefit of the filing date of the '846 application and the '047 

15 patent still qualifies as prior art under § 102(e). Therefore, Ni claims 287, 289- 

16 299, 351-361, 389-403, 431, 432, 434-442, 446, 448-458, 507-517, 581 and 623- 

17 632 ("Ni's claims at issue") are unpatentable under 35 U.S.C. § 102(e) as clearly 

18 anticipated by U.S. Patent 6,072,047. It is not necessary to consider whether 

19 Ni's claims at issue are also anticipated by either patent '358 or '642. 

20 In its opposition, Ni argues that Rauch substantive motion 3 should be 

21 denied on procedural grounds because it does not seek judgment that all of Ni's 

22 corresponding claims are unpatentable and, therefore, is not a proper threshold 

23 motion (Paper 50, p. 2, H 3 - p. 2, U 2; p. 7, 2 - p. 9, U 3). Rauch substantive 

24 motion 3 is an ordinary attack on patentability. Ni has not provided any basis 
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1 requiring a motion for unpatentability to attack all of a party's involved claims and 

2 we know of none. Therefore, this argument is without merit. 

3 Based on the foregoing, Rauch substantive motion 3 is granted to the 

4 extent that Ni's claims 287, 289-299, 351-361, 389-403, 431, 432, 434-442, 446, 

5 448-458, 507-517, 581 and 623-632 are unpatentable under 35 U.S.C. § 102(e) 

6 as clearly anticipated by U.S. Patent 6,072,047 and otherwise denied. 

7 IX. Rauch Miscellaneous Motion 5 

8 Pursuant to 37 CFR §41.11 5(c), Rauch seeks to exclude selected 

9 portions of the direct testimony of Dr. Reed that reference a person of ordinary 

10 skill in the art from evidence (NX 2099, ffll 16, 19, 21-28, 30-43, 45-48, 50-52, 56, 

1 1 63 and 64), contending that his definition of ordinary skill "is so broad that it fails 

12 to limit 'one of ordinary skill in the art' to any substantive or realistic meaning of 

13 such person" (Paper 71 , H bridging pp. 4-5). Rauch further seeks to exclude 

14 selected portions of the redirect testimony of Dr. Reed from evidence as leading 

15 and prejudicial (NX 2123, p. 172, 1. 20; p. 173, II. 7-8; p. 172, 1. 25 through p. 173, 

16 I. 2) (id., p. 8, ffll 2-3). Ni opposes (Paper 75); Rauch replies (Paper 83). 

17 120. Rauch timely filed its objections to evidence sought to be excluded 

18 (RX 1093 and NX 2123, p. 172, 1. 20 and p. 173, II. 7-8). 

19 Rauch identifies the objected to testimony of Dr. Reed as submitted in 

20 support of Ni substantive motion 2, Ni reply 2 and Ni opposition 3 to Rauch 

21 substantive motion 3 (Paper 71 , Appendix D). First, Rauch's arguments go to the 

22 weight to be accorded Dr. Reed's testimony, not to its admissibility. Second, 

23 having considered the testimony of both Dr. Reed and Dr. Cheng, we credited 



Interference No. 105,380 Page 53 

Human Genome Sciences, Inc. (Ni) v. Immunex Corp. (Rauch) Paper 95 

1 the testimony of the latter over that of the former as discussed in our denial of the 

2 relevant portion of Ni substantive motion 2 and in our granting of the relevant 

3 portion of Rauch substantive motion 3. Therefore, Rauch substantive motion 5 is 

4 dismissed as moot since we have not relied upon either the direct or redirect 

5 testimony of Dr. Reed to Rauch's detriment. 

6 X. Ni Miscellaneous Motion 4 

7 Pursuant to 37 CFR § 41.155(c), Ni seeks to exclude from evidence: 

8 (a) exhibits related to Rauch's priority statements in (i) related interference 

9 105,240 (RX 1025 and RX 1038), (ii) this interference (RX 1051) and (iii) related 

10 interference 105,381 (RX 1052 and RX 1054); 

11 (b) direct (RX 1074) and deposition testimony (NX 2179-2181) of Dr. 

12 Gavin R. Scranton in related interference 105,240; 

13 (c) direct testimony of Norman Boiani (RX 1075); and 

14 (d) selected portions of the deposition testimony of Dr. Cheng (NX 2124, 

15 p. 132, 1. 16 through p. 135, 1. 5; p. 135, 1. 9 through p. 136, 1. 13 (with errata 

16 sheets)) (Paper 80). Rauch opposes (Paper 76); Ni replies (Paper 82). 

17 Ni contends (Paper 80, pp. 22-23) that 

18 RX 1025, RX 1038, RS 1051, RX 1052 and RX 1054 

19 should be excluded under FRE 901 for lack of 

20 authentication and lack of foundation. In addition, 

21 these exhibits should be excluded under FRE 1001 

22 (4), 1002, and 1003, inter alia, because none of these 

23 exhibits appear to be originals nor admissible 

24 duplicates of the originals. Furthermore, these 

25 exhibits should be excluded under FRE 403, inter alia, 

26 because its probative value, if any, is outweighed by 

27 considerations of waste of time, lack of authentication 

28 and the reliability of the copies. 
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1 Furthermore, RX 1074, the declaration of Dr. 

2 Gavin R. Screaton, should be excluded under FRE 

3 403 because its probative value, if any, is outweighed 

4 by confusion of the issues. In addition, RX 1 074 

5 should be excluded under 37 C.F.R. § 41 .122(b) 

6 because the declaration does not respond to 

7 arguments raised in an opposition but merely is an 

8 attempt by Rauch to make additional arguments in a 

9 reply that should have been raised in a motions. 

10 Furthermore, contingent upon the Board excluding RX 

11 1074, Party Ni moves to exclude NX 2179, NX 2080 

12 and NX 2181 for being irrelevant under FRE 401 and 

13 confusing the issues under FRE 403. 

14 In addition, Party Ni moves to exclude RX 

15 1075, the Declaration of Norman Boiani under FRE 

16 1 002 because Exhibit A appears to be a photocopy, 

17 not an original, of a laboratory notebook page. 

18 Furthermore, Party Ni moves to exclude RX 1075 

19 under FRE 403 because Exhibit A is taken out of 

20 context of the rest of the laboratory notebook. Party 

21 Ni's inability to determine the context of Exhibit A is 

22 unfairly prejudicial and this prejudice far outweighs 

23 any probative value of RX 1075. 

24 Lastly, the above-cited portions of NX 2124 

25 should be excluded under FRE 61 1(c), FRE 403, and 

26 Cross Examination Guideline [3] of the Standing 

27 Order. The leading questions asked by Rauch's 

28 counsel clearly suggested single answers to the 

29 witness which resulted in the interjection of the 

30 opinions of counsel for Rauch in place of Dr. Cheng's 

31 opinions. Thus, the prejudicial effect of the cited 

32 testimony far outweighs its probative value, and the 

33 above-cited evidence should be excluded or, at most, 

34 accorded littie weight by the Board. 

35 Ni's motion has serious procedural defects. Rule 155(c) provides that a 



36 motion to exclude evidence must explain the objections and identify the 

37 objections in the record in order. As explained in Standing Order fl 21 .3(a) a 

38 motion to exclude evidence shall (1) identify where in the record the objection 



39 was originally made and (2) identify where in the record the evidence was relied 
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1 upon by the opponent, and (3) address objections to exhibits (in whole or in part) 

2 in exhibit numerical order. According to Standing Order TI 21.1, the objection to 

3 the admissibility of evidence should be filed as part of a motion to exclude the 

4 evidence. 



5 121. Ni contends that it timely objected to exhibits RX 1025, RX 1038, 

6 RX 1051 , RX 1052 and RX 1054 as shown in exhibits NX 2192 and NX 

7 2193, filed in support of its motion. 

8 122. Ni exhibits NX 2192 and NX 2193 are "REDACTED" papers entitled 

9 "NI OBJECTIONS TO THE ADMISSIBILITY OF RAUCH'S 

10 SUPPLEMENTAL EXHIBIT 1054 AND RAUCH'S RESPONSES TO NI'S 

1 1 OBJECTIONS TO EXHBIITS 1050-1052" and "NI OBJECTIONS TO THE 

12 ADMISSIBILITY OF RAUCH EXHIBITS 1050, 1051 and 1052," 

13 respectively. 

14 123. Ni has not provided evidence that it timely objected to exhibits RX 

15 1025 and RX 1038. 

16 124. Ni has not identified where in the record exhibits RX 1025, RX 

17 1038, RX 1051, RX 1052, RX 1074 and RX 1075 were relied upon by its 

18 opponent Rauch. 

19 125. Rauch's exhibit list filed when it submitted its record for decision on 

20 motion ("Rauch's exhibit list," Paper 87, p. 7) identifies exhibits RX 1052 

21 and 1054 as documents upon which Rauch will rely to prove its earliest 

22 corroborated conception of the subject matter of the count in related 

23 interference 105,381 . 
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1 126. Similarly, Rauch's exhibit list identifies exhibit RX 1 074 as the 

2 declaration of Dr. Gavin R. Scranton filed in related interference 105,240 

3 (Paper 87. p. 10). 

4 127. Moreover, a cursory review of Rauch's exhibit list clearly indicates 

5 that exhibits RX 1025, RX 1038 and RX 1075 are not of record in this 

6 interference and, therefore, are not at issue in this interference (Paper 

7 87, pp. 4-5). 

8 128. Furthermore, according to Ni, "even though Party Rauch does not 

9 appear to have yet relied on any of Rauch Exhibits 1051 and 1052 in 

10 support of a motion. Party Ni serves Party Rauch with these objections 

1 1 to provide notice to Party Rauch that if, and when, any of Rauch Exhibits 

12 1051 and 1052 are relied upon, the following objections will be 

13 raised, unless cured by Party Rauch" (NX 2193, p. 1, H 1). 

14 Thus, Ni has failed to object timely to evidence it seeks to exclude (RX 1025 



15 and RX 1038). Furthermore, Ni is seeking to exclude evidence which is either 

16 not of record in this interference (RX 1025, RX 1038, RX 1074 and RX 1075) 

17 and/or has not been relied upon by Rauch in this interference (RX 1025, RX 

18 1038, RX 1052, RX 1054, RX 1074 and RX 1075). Therefore, Ni miscellaneous 

19 motion 4 to exclude evidence is denied as to exhibits RX 1025, RX 1038, RX 

20 1052, RX 1054, RX 1074, RX 1075 and NX 2179-2181. 

21 129. Exhibit 1051 is identified in Rauch's exhibit list as a document said 

22 to prove Rauch's earliest corroborated conception of the invention of the 

23 count in this interference (Paper 87, p. 7). 
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1 According to 37 CFR § 41.204(a)(2)(iv), a party filing a priority statement 

2 must n [p]rovide a copy of the earliest document upon which the party will rely to 

3 show conception." Exhibit 1051 was submitted by Rauch in fulfillment of that 

4 requirement (FF 120). Ni does not contend that Rauch has relied on exhibit RX 

5 1 051 in support of any of Rauch's motion papers. The time for Rauch to lay a 

6 foundation for and authenticate its exhibit RX 1051 is when Rauch relies upon 

7 the exhibit, i.e., as part of its priority motion. The time for us to weigh the 

8 reliability and probative value of exhibit RX 1051 is when it is submitted into 

9 evidence as party of Rauch's priority motion when the motion is filed. Therefore, 

10 Ni miscellaneous motion 4 to exclude evidence is denied as to exhibit RX 1051. 

11 130. As to the last evidence as issue, selected portions of the deposition 

12 testimony of Dr. Cheng (NX 2124, p. 132, 1. 16 through p. 135, 1. 5; p. 

13 135, 1. 9 through p. 136, I. 13 (with errata sheets)), Ni argues that this 

14 evidence was relied upon in Rauch reply 1 and Rauch reply 4 (Paper 80, 

15 p. B2, SMF10). 

16 131. Ni explicitly directs our attention (Paper 80, pp. 17-18) to the 

17 following testimony as an example of how the direct examination of Dr. 

1 8 Cheng violates FRE 61 1 (c), FRE 403 and Cross Examination Guideline 

19 [3]: 

20 MR. WISE: Okay. Back on the record. 

21 Q. I want to have you focus on paragraph 10. 

22 Paragraph 10 you said, "The specification of the '861 

23 application also contains additional substantial 

24 disclosure regarding antibodies to TRAIL-R, including 

25 methods for obtaining these antibodies and methods 
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1 of obtaining antigen binding fragments of these 

2 antibodies." 

3 And it says m 861 application, page 13, line 14 to page 

4 15, line 6." 

5 Where in the specification of the '861 application 

6 would you find additional substantial disclosure 

7 relating to the antibodies for TRAIL-R? 

8 A. You mean where I can find the information? 

9 Q. Yes. 

10 A. That's indicated here is the page 13 and the line 

11 14 to 15, line 14 through page 15 of line 6. 

12 Q. Okay, Can you direct me to that, please. 

13 A. Where is the -- 

14 Q. You have that there. You were looking at the 

1 5 claims and you were going to show me support and 

16 specification. 

17 MR. GOLDSTEIN: Objection. 

18 THE WITNESS: So it's indeed in the page is 13, 

19 there is a title, "Antibodies" section, and talking about 

20 how antibody generated, including the monoclonal 

21 and polyclone antibodies. 

22 MR. GOLDSTEIN: I am going to move to strike the 

23 question and the answer. 

24 First, since Rauch responsive motion 4 was dismissed as moot, we did not 

25 reach Rauch reply 4. Second, Ni did not explain where and how Rauch relied 

26 upon the objected to portions of Dr. Cheng's testimony in Rauch reply 1 to 

27 support its position, e.g., how does Rauch rely upon this allegedly elicited 

28 testimony to support its motion 1 for benefit of the filing date of an earlier 

29 application for the subject matter of a count directed to isolated nucleotides. 

30 Third, to the extent Ni argues the objected portions of Dr. Cheng's testimony are 
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1 irrelevant, confusing or prejudicial, that objection goes to the weight to be 

2 accorded the testimony. We have accorded Dr. Cheng's testimony the weight 

3 appropriate to its relevance and the underlying facts and data relied upon in 

4 support of his opinion. Ni has not shown otherwise. Therefore, Ni miscellaneous 

5 motion 4 to exclude evidence is denied as to selected portions of the deposition 

6 testimony of Dr. Cheng (NX 2124, p. 132, 1. 16 through p. 135, 1. 5; p. 135, 1. 9 

7 through p. 136, 1. 13 (with errata sheets)). 

8 Therefore, Ni miscellaneous motion 4 is denied. 

9 XI. Order 

10 Based on the foregoing and for the reasons given, it is 

11 ORDERED that Ni substantive motion 1 is denied; 

12 FURTHER ORDERED that Rauch responsive motion 4 is dismissed as 

13 moot; 

14 FURTHER ORDERED that Rauch substantive motion 1 is granted; 

1 5 FURTHER ORDERED that Ni substantive motion 2 is granted-in-part, 

16 denied-in-part and dismissed-in-part; 

17 FURTHER ORDERED that Rauch substantive motion 2 is denied; 

18 FURTHER ORDERED that Rauch substantive motion 3 is granted-in- 

19 part to the extent Ni claims 287, 289-299, 351-361, 389-403, 431, 432, 434-442, 

20 446, 448-458, 507-517, 581 and 623-632 are unpatentable under 35 U.S.C. § 

21 102(e) as clearly anticipated by U.S. Patent 6,072,047; 
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1 FURTHER ORDERED that Rauch miscellaneous motion 5 is dismissed 

2 as moot; and, 

3 FURTHER ORDERED that Ni miscellaneous motion 4 is denied. 



/Richard E. Schafer/ 
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Administrative Patent Judge 

/Adriene L Hanlon/ 



ADRIENE LEPIANE HANLON 
Administrative Patent Judge 
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860 Sequence Analysis 



Sequences of nucleic acids in DNA and RNA and of amino acids in 
proteins define the primary structure of these molecules. Sequence 
analysis is carried out using computer programs thai implement 
algorithms to determine sequence properties and to compare se* 
quences. Sequence comparison can indicate whether an RNA or 
protein molecule or region of DNA is already known (identity) or 
has some degree of similarity to a known sequence. Sequence 
similarity may indicate similar structure or function. Sequence 
analysis can suggest the function of an unknown sequence based 
on the features it contains. Sequence analysis is a necessary prelimi- 
nary to detailed experimental studies of structure, function, and 
interactions of biological macromolecules. Sequences are the infor- 
mation repository of the cell and a natural index to our growing 
understanding of cellular processes as dynamic systems of interac- 
tions between macromolecules. 

1 PURPOSE OF SEQUENCE ANALYSIS 

1.1 Prediction of Function 

Sequences that are unlike any known sequence may still be made 
to yield information that can suggest their possible function, The 
function of nucleic acids and proteins depends on their structure 
and involves complex interactions in three dimensions. It is not 
presently understood whether it is possible, in general, to derive 
structure from sequence. Sequence alone is therefore often inade- 
quate to determine function. Predictions made from sequence analy- 
sis need to be experimentally tested. Nevertheless, computer an- 
alysis of sequences is valuable in suggesting the most useful 
experiments to perform. 

1 .2 Revealing Similarity 

The first thing to do with a newly determined sequence is to 
compare it with all known sequences. The outcome may show 
identity to a known sequence, which may prove disappointing if 
one is hoping for something new. Similarity to a known sequence 
may suggest something new that can be characterized with rela- 
tively little effort. A totally unknown sequence may be a frustrating 
result: considerable effort will be needed to understand its function. 

Sequence comparison is a nontrivial pursuit, and both statistical 
and biological considerations are involved. Statistically significant 
similarities (under some model and at some chosen level of signifi- 
cance) may be biologically meaningless. Sequence motifs that are 
statistically nonsignificant in similarity may encode the same func- 
tion (this is likely to occur because ihe statistical model based 
on sequence alone is incomplete). In an area fraught with such 
difficulties, common sense and interpretation based on utility are 
paramount. 

Sequence dissimilarity can range from identity, difference due 
to sequencing errors, difference due to population polymorphism 
(individual variants), and differences in multiple copies of a gene 
in a single individual (multigene families) to wide evolutionary 
divergence of genes in different organisms. Sequences that are 
similar due to common function may not share a common ancestral 
sequence in biological evolution. In general, ideas about the evolu- 
tionary relationships of sequences are not experimentally testable. 
Sequence homology (similarity due to descent from a common 
ancestor) is a hypothesis, not an observable fact, except in the 
case of microbial populations with high mutation rates and short 



generation times, which may be studied experimentally th ro 
time, U * 



2 ANALYSIS OF SINGLE SEQUENCES 

2.1 DNA Composition, Isochores, and Codon Usage 

Nucleotides in DNA sequences may be counted as singlets dou 
blets, or triplets in either strand. Doublets or triplets may be counted 
as overlapping or nonoverlapping in two or three phases, respec 
lively, on either strand. The genomes of various organisms vary 
considerably in their DNA composition. Warm-blooded vertebrates 
have a higher G+C content, which correlates with the higher thermal 
stability of GC over AT base pairs. Composition of regions within 
a genome can also vary considerably. Mammalian genomes contain 
relatively GC-rich and AT-rich regions, which are called isochores 
Overlapping doublet frequencies are highly characteristic for an 
organism. CG dinucleotides are less common than expected in 
vertebrates and angiosperms, probably because spontaneous deami- 
nation of 5-methylcytosine to thymine prevents the repair of meuV 
ylated CpG. In DNA coding for protein, one phase of nonoverlap- 
ping triplets will be the phase of translation and the triplets will 
be codons. In a gene, the possible codons for each amino acid are 
unevenly used, and the frequency table for the 64 triplets is called 
codon usage. Codon usage is different between different species 
and between highly and lowly expressed gene in the same species. 

2.2 Mapping DNA Sequence Features 

Mapping the position of features on a DNA sequence is an important 
step in investigating its function. It is easy to map sites that can 
be precisely defined, such as stop codons or restriction enzyme 
recognition sites. Once DNA has been sequenced, the sizes of the 
fragments produced with any enzyme can be readily calculated. 
Features such as promoters, splice junctions, and ribosome binding 
sites are very difficult to predict because they are hard to specify. 
Mapping is most simply achieved by comparing die probe sequence 
with each position of the DNA sequence io turn and noting the 
hits. More sophisticated algorithms exist for rapid searching in 
large problems. 

2.3 Repetitive Sequences 

Direct repeats and inverted repeats (sometimes called dyad symme- 
tries) are common in DNA from many sources. Mammalian ge- 
nomes contain families of long (LINE) and short (SINE) repeats. 
Repeats of LI {Kpn I) lype are 5000 to 7000 bp long and are 
present in the genome in 10 3 to 10* copies. Repeats of Alu type 
are 350 bp long and occur in as many as 9 X 10' copies. Alu 
repeats make human DNA hard to assemble from gel sequencing 
reads into the finished sequence. Inverted repeats occur in DNA 
coding for structural RNA, and these symmetry properties enable 
the RNA to fold into its secondary structure. 

The dot plot is a diagram that reveals the presence of repeats 
and inverted repeats in sequences. It is also useful for comparing 
two different nucleic acid or protein sequences to detect regions 
of similarity. The dot plot is a rectangular array with rows labeled 
by one sequence and columns labeled by the other. A cell i. j can 
be used to represent the result of comparison of the ;th residue of 
sequence A with the ith residue of sequence B. The simplest form 
of dot plot results from placing a diagonal mark in each cell where 
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44 CHAPTER 2 ► MOLECULES IN CELLS 



ent amino acids in proteins. Thus a I OO-unit protein has 
20 lo ° (more than 10 1JO ) possible. structures. This enor- 
mous variability means that cells and organisms can dif- 
fer greatly in structure and function even though they are 
constructed of the same types of biopolymers produced 
by similar chemical reactions. 

Starch (a storage form of glucose in plant cells), cellu- 
lose (a constituent of plant cell walls), and glycogen (a 
storage form of glucose in liver and muscle cells) are ex- 
amples of another important type ofbiopolymer: the poly* 
saccharide, which is built of sugar monomers (Figure 
2-1). At least 15 different monomelic sugars can be 
bonded in multiple ways to form various polysaccha- 
rides; thus many polysaccharides are nonlinear, branched 
molecules, 

Monomers are not the only small molecules important 
to cell structure. The lipids, for example, form the basic 
structure of cell membranes. Lipids cohere noncovalently 
in very large sheetlike complexes; the membranes thus 
formed are as crucial to living systems as are the 
biopolymers. 

This chapter deals with the structures and some func- 
tions of biopolymers and small molecules; later chapters 
describe how the polymers are made and consider many 
of their other functions and interactions. A 



Proteins 

Proteins are the working molecules of the ceil. They cata- 
lyze an extraordinary range of chemical reactions, pro- 
vide structural rigidity, control membrane permeability, 
regulate the concentrations of metabolites, recognize and 
noncovalently bind other biomolecules, cause motion, 
and control gene function. These incredibly diverse tasks 
are performed by molecules constructed from only 20 dif- 
ferent amino acids. 



MONOMER POLYMER 




Amino acid Polypeptide 



« o 




Sugar Polysaccharide 



▲ Figure 2-1 (a) Proteins, linear biopolymers called poly- 
peptides, are formed from monomelic subunits termed amino 
acids. Each of the 20 different amino acids has a different R 
group, or side chain. Thus the polypeptide shown here, 
which is constructed of four amino acids, has 20*, or 
160,000, possible structures, (b) Nucleic acids, also linear 
biopolymers, are formed from four monomers termed nucleo- 
tides, each of which has a different nitrogen-containing base 
structure (B). The nucleic acid shown here has 4 4 , or 256, 
possible structures, (c) Polysaccharides are built of mono- 
meric saccharide (sugar) subunits. Because sugar residues can 
bind to one another at different positions, nonlinear branch- 
ing polymers are often formed. The rings in (b) and (c) are 
depicted as Haworth projections (planar structures with a 
hint of perspective). 



Amino Acids — the Building Blocks of 
Proteins — Differ Only in Their 
Side Chains 

The monomers that make up proteins are called amino 
acids because, with one exception, each contains an 
amino group (— NH 2 ) and an acidic carboxyl group 
(— COOH), The exception, proline, has an imino group 
( — NH— ) instead of an amino group. At typical pH val- 
ues in cells, the amino and carboxyl groups are ionized as 
— NH 3 + and — COO~. All amino acids are constructed 
according to a basic design: a central carbon atom, called 
the ct carbon C a (because it is adjacent to the acidic car- 
boxyl group), is bonded to an amino (or imino) group, to 
the carboxyl group, to a hydrogen atom, and to one vari- 
able group, called a side chain or R group (Figure 2-2). 
The side chains give the amino acids their individuality. 



The amino acids represent the alphabet in which linear 
proteins are "written"; any student of biology must be 
familiar with the special properties of each letter of this 
alphabet. These letters can be classified into a few distinct 
categories. 

The side chains of four of the amino acids are highly 
ionized and therefore charged at neutral pH. Arginine 
and lysine are positively charged; aspartic acid and glu- 
tamic acid are negatively charged and exist as asparate 
and glutamate. The side chain of a fifth amino acid, histi- 
dine, is positively charged, but only weakly at neutral pFL 
In many cases, arginine may substitute for lysine, or as- 
partate for glutamate, with little effect on the structure or 
function of the protein. 

Serine and threonine, whose side chains have an —OH 
group, can interact strongly with water by forming hy- 
drogen bonds. The side chains of asparagine and gluta- 



PROTEINS 45 



POLAR BUT UNCHARGED R GROUPS 
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T Figure 2-2 The structures of the 20 common amino 
acids. In each structure, a central carbon acorn (the o car- 
bon) is bonded to an amino group (or to an imino group in 
proline), a carboxyl group, a hydrogen atom, and an R 
group. The R groups are in red. 
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mine have polar amide groups with even more extensive 
hydrogen-bonding capacities. Together with the charged 
amino acids, these amino acids constitute the nine hydro- 
phiHc or polar amino acids. 

The side chains of several other amino acids — alanine, 
isoleucine, leucine, methionine, phenylalanine, trypto- 
phan, and valine— consist only of hydrocarbons, except 
for the sulfur atom in methionine and the nitrogen atom 
in tryptophan. These nonpolar amino acids are hydro- 
phobic; their side chains are only slightly soluble in 
water. Tyrosine is also strongly hydrophobic because of 
its bernene ring, but its hydroxyl group allows it to inter- 
act with water, making its properties somewhat ambigu- 
ous. 



Cysteine plays a special role in proteins because its 
— SH group allows it to dimerize through an — S — S — 
bond to a second cysteine, thus covalcntly linking regions 
of polypeptide to one another. When the — SH remains 
free, cysteine is quite hydrophobic. 

Two other special amino acids are glycine and proline. 
Glycine has a hydrogen atom as its R group; thus it is the 
smallest amino acid and has no special hydrophobic or 
hydrophilic character. Proline, as an imino acid, is very 
rigid and creates a fixed kink in a polypeptide chain. It is 
quite hydrophobic. 

The structure of all amino acids except glycine are 
asymmetrically arranged around the a carbon, because it 
is bonded to four different atoms or groups of atoms 



46 CHAPTER 2 ► MOLECULES IN CELLS 




u-Alanine 



▲ Figure 2-3 Stereoisomers of the amino acid alanine. The 
a carbon is black. 



(— NH 2 , — COOH, — H, and — R). Thus all amino acids 
except glycine can have one of two stereoisomeric forms. 
By convention, these mirror-image structures are called 
the D and the L forms of the amino acid (Figure 2-3). 
They cannot be interconverted without breaking a chemi- 
cal bond. With rare exceptions, only the L forms of amino 
acids arc found in proteins. 

Polypeptides Are Polymers Composed of 
Amino Acids Connected by Peptide Bonds 

The peptide bond, the chemical bond that connects two 
amino acids in a polymer, is formed between the amino 
group of one amino acid and the carboxyl group of an- 
other. This reaction, called condensation, liberates a 
water molecule: 




Peptide 
bond 



Because the carboxyl carbon and oxygen atoms are con- 
nected by a double bond, the peptide bond between car- 



bon and nitrogen exhibits a partial double-bond charac- 
ter, as shown by the resonance structures 

1 ? I I ? + I 

making it shorter than the typical N single bond. The 
six atoms of the peptide group (the two carbons of the 
adjacent amino acids and the carbon, oxygen, nitrogen, 
and hydrogen atoms of the bond) lie in the same plane 
(Figure 2-4 a). However, adjacent peptide groups are not 
necessarily coplanar, due to rotation about the C — C a 
and N — Ca bonds (Figure 2-4 b)< 

A single linear array of amino acids connected by pep- 
tide bonds is called a polypeptide. If the polypeptide is 
short (fewer than 30 amino acids long), it may be called 
an oligopeptide or just a peptide. Polypeptides in living 
cells differ greatly in length; they generally contain be- 
tween 40 and 1000 amino acids. Each polypeptide has a 
free amino group at one end (the N-terminus) and a free 
carboxyl group at the other (the C-terminus): 

R, H R, O R 3 H R.O R 3 
Amino end Guboryl end 

(N-tcrmiatis) (C-tcnninus) 

A protein is not merely a linear string of amino acids. 
The polypeptide folds up to form a specific three-dimen- 
sional structure that can be a long rod, as in the fibrous 
proteins that give tissues their rigidity, or a compact ball 
called a globular protein, as in many proteins that cata- 
lyze chemical reactions (enzymes), or a combination of 
balls and rods. The polypeptide can be modified further 
by the covalent or noncovalcnt attachment of additional' 
small molecules. 

A protein adopts a stable, folded conformation mainly 
through noncovalent (ionic, hydrogen, van der Waals, 
and hydrophobic) interactions. Its stability is also en- 
hanced by the formation of covalent disulfide bonds be- 
tween cysteines in different parts of the chain. Proteins 
may also consist of multiple polypeptide chains held to- 
gether by noncovalent forces and, in some cases, by disul- 
fide bonds. A well-characterized example is the hemoglo- 
bin molecule, which consists of four chains: two identical 
a chains and two identical £ chains (Figure 2-5). 

Three-dimensional Protein Structure Is 
Determined through X-ray 
Crystallography 

The detailed three-dimensional structures of numerous 
proteins have been established by the painstaking efforts 
of many workers — notably, Max Perutz and John 
Kendrew, who perfected the x-ray crystallography of 
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proteins, in which beams of x-rays are passed through a 
crystal of protein. The wavelengths of x-rays are about 
0.1-0.2 nanometers (nm) — short enough to resolve the 
atoms in the protein crystal. The three-dimensional struc- 
ture of the protein can be deduced from the diffraction 
pattern of discrete spots that is produced when the scat- 
tered radiation is intercepted by photographic film. Such 
patterns are extremely complex; as many as 25,000 dif- 
fraction spots can be obtained from a small protein. Elab- 
orate calculations and modifications of the protein (such 
as binding of heavy metal) must be made to interpret the 
diffraction pattern and to solve the structure of the pro- 
teim 

Recentlyj three-dimensional structures of some small 
proteins have been determined by nuclear magnetic reso- 
nance (nmr) methods. An advantage of this approach is 
that it avoids the need to crystallize the protein. A disad- 
vantage is that it is limited to relatively small proteins (up 
to about 20,000 molecular weight). 

The Structure of a Polypeptide Can Be 
Described at Four Levels 

The structures adopted by polypeptides can be divided 
into four levels of organization. Primary structure refers 
to the linear arrangement of amino acid residues along a 



< Figure 2-4 (a) Because the carbon-nitro- 
gen peptide bond has a partial double-bond 
character, the peptide group is planar, 
(b) However, there is considerable flexibility 
in the geometry of polypeptides: rotation is 
possible about the two covalent single bonds 
that connect each a carbon to the two adja- 
cent planar peptide units. But some restric- 
tions do apply to the values of \fi and <£. For 
example, if the pictured adjacent peptide 
groups were coplanar, then certain oxygen 
and hydrogen atoms would be separated by 
less than their van der Waals radii and 
would repel one another. 




Heme 
group 



A Figure 2-5 The conformations assumed by the rwo a 
and rwo 0 chains in a molecule of hemoglobin. Each chain 
forms several a helices (see Figure 2-6). Only the backbones 
formed by the carbon and nitrogen atoms of the chains arc 
shown here. A multitude of noncovalent interactions stabilize 
the conformations of the individual chains and the contacts 
between them. A heme group is bound to each chain. After 
R, E. Dickerson and I. Gcis, 1969, Tbc Structure and Action 
of Proteins, Bettjamin-Cummings, p. S6. Copyright 1969 by 
Irving Ceis. 
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polypeptide chain and to the locations of covalenr bonds 
(mainly — 5— S— bonds) between chains. Secondary 
structure pertains to the folding of parts of these chains 
into regular structures, such as a helices and pleated 
sheets. Tertiary structure includes the folding of regions 
between a helices and P pleated sheets, as well as the 
combination of these secondary features into compact 
shapes (domains). Quaternary structure refers to the or- 
ganization of several polypeptide chains into a single pro- 
tein molecule, such as in hemoglobin. 

Two Regular Secondary Structures Axe 
Particularly Important 

The a Helix Although some regions of proteins are 
held in unique and irregular conformations, much protein 
structure involves repeated use of a limited number of 
regular configurations. One common structure, the 
a helix, was first described by Linus Pauling and 
Robert B. Corey in 1951. Through careful model build- 
ing, these scientists came to realize that polypeptide seg- 




ments composed of certain amino acids tend to arrange 
themselves in regular helical conformations. In an a helix, 
the carboxyl oxygen of each peptide bond is hydrogen- 
bonded to the hydrogen on the amino group of the fourth 
amino acid away (Figure 2-6), so that the helix has 3.6 
amino acids per turn* Each amino acid residue represents 
an advance of about 1.5 A along the axis of the helix. 
Every C=0 and N— H group in the peptide bonds par- 
ticipates in a hydrogen bond, and the rigid planarity of 
the peptide bonds contributes to the rigid shape of the 
helix. In this inflexible, stable arrangement of amino 
acids, the side chains are positioned along the outside of a 
cylinder. The hydrogen-bonding potential of the peptide 
bonds is entirely satisfied internally, so that the polar or 
nonpolar quality of the cylindrical surface is determined 
entirely by the side chains. At least some of the amino 
acids in most proteins are organized into a helices. 

Cerrain amino acid sequences adopt the a-helical con- 
formation more readily than others. What determines this 
propensity is complicated, but some simple factors are 
evident. For instance, proline is rarely found in a-helical 
regions because it cannot use its peptide nitrogen to make 
a hydrogen bond. Glycine also is an infrequent partici- 
pant. Another inhibiting factor can be the tendency of 
multiple identically charged residues to repel each other. 

The a helix is a rodlikc element of protein structure 
that serves many functions. A globular protein can be 
made up of short a-helical rods connected by bends that 
allow the rods to interact with each other; hemoglobin, 
for instance, is 70 percent a helical (see Figure 2-5). Alter- 
natively, a single rod can span a long distance, as in the 
protein on the surface of the influenza virus (Figure 2-7a). 
Even in extended molecules, a,b,c the a helix is usually 
found packed against other elements of protein, not as an 
isolated structure. Long fibers, such as the skin protein 
keratin or the muscle protein myosin (Figure 2-7b), can 
be formed by two or three a helices that wrap gently 
around each other to form coiled coils. Small rods of 
a helix interact with DNA in some DNA-binding proteins 
(Figure 2-7c). A helical rod bearing only hydrophobic 
side chains can span lipid membranes well because the 
hydrophilic peptide bonds are buried inside the helix. 

Many a helices arc amphipathic: they expose hydro- 
philic side chains on one face and hydrophobic side 
chains on another face. Looking down the central axis of 
an a helix (Figure 2-8a), the amino add residues are ar- 
ranged in a wheel; if the helix is amphipathic, most or all 

< Figure 2-6 Models of the a helix, (a) This ribbonlikc 
representation without R groups emphasizes the helical form, 
(b) This bali-and-srick representation emphasizes the role of 
che individual atoms and shows the & groups (green) chat 
protrude from the helix body at regular intervals. Some of 
the planes of the C*— CO— NH groups arc shaded orange. 
Part (b) after L. Stryer, 1988, Biochemistry, 3d td., W. H. 
Freeman and Company^ p. 26. 
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valently bound prosthetic group. For example, staphylo- 
coccal nuclease — a bacterial enzyme of 149 residues that 
degrades DNA and RNA — is totally denatured in acid 
but renatures to its native conformation "within 0.1 s after 
the solution is neutralized. The three-dimensional archi- 
tecture of this protein is solely a consequence of interac- 
tions among its amino acids and with its aqueous envi- 
ronment. In such cases, the genetic program of the cell 
must only define the primary structure of the protein — 
the amino acid sequence — and the tertiary structure is 
assured. With care, most proteins can be carried through 
a denaturation-renaturation cycle. Thus it is generally 
true that linear structure determines three-dimensional 
architecture. 

The native form of some proteins is not the conforma- 
tion with the lowest free energy and consequently cannot 
be completely restored on renatu ration. This is particu- 




▲ Figure 2-15 Denaruration and renaturarion of a protein. 
Most polypeptides can be completely unfolded by treatment 
with an 8 M urea solution containing mercaptoethanol 
(HSCH2CH2OH). The urea breaks intramolecular hydrogen 
and hydrophobic bonds, and the mercaptoethanol reduces 
each disulfide bridge to two — -SH groups. When these chem- 
icals are removed by dialysis, the — SH groups on the un- 
folded chain oxidize spontaneously to re-form disulfide 
bridges, and the polypeptide chain simultaneously refolds 
into its native configuration. 



lady true of multichain proteins. The two chains of insu- 
lin, for example, can be separated by a combination of 
reducing agents (to break the disulfide bridges) and con- 
centrated solutions of such chemicals as urea (to disrupt 
hydrogen and hydrophobic bonds). When the insulin re- 
natures in the presence of oxidizing agents that promote 
the formation of disulfide bridges, a number of stable 
multichain aggregates do form, but native insulin mole- 
cules make up only a minor proportion of them. In the 
others, the re-formed disulfide bridges connect inappro- 
priate parts of the chain. 

Insulin is formed by the partial proteolysis (breaking 
down) of proinsulin, its larger precursor (see Figure 
2-13), Denatured proinsulin, as opposed to the denatured 
two-chain form of insulin, can renature to form the native 
structure of proinsulin with a high efficiency. Presuma- 
bly, within the cell, either proinsulin or preproinsulin 
folds in such a way that the correct disulfide bridges form 
at the lowesr free energy. The cell utilizes these intermedi- 
ate stages to form insulin, whose stable conformation is 
not the one of lowest free energy. 

Enzymes 

Protein catalysts called enzymes are mediators of the dy- 
namic events of life; almost every chemical reaction in a 
cell is catalyzed by an enzyme. Like other caralysts, en- 
zymes increase the rates of reactions that are already en- 
ergetically favorable; more precisely, enzymes increase 
the rates of forward and reverse reactions by the same 
factor. The name of an enzyme usually indicates its func- 
tion: the suffix -ase is commonly appended to the name of 
the type of molecule on which the enzyme acts. Thus pro* 
teases degrade proteins, phosphatases remove phosphate 
residues, and ribonuclease cleaves RNA molecules. 

The chemicals that undergo a change in a reaction cata- 
lyzed by an enzyme are the substrates of that enzyme. 
Because little free energy may be liberated in either direc- 
tion in reversible reactions, the distinction between chem- 
icals that are substrates and those that are products is 
often arbitrary. 

Most enzymes are found inside cells, but a number are 
secreted by cells and function in the blood, the digestive 
tract, or other exrracellular spaces. In microbial species, 
some enzymes function outside the organism. The num- 
ber of different types of chemical reactions in any one cell 
is very large: an animal cell, for example, normally con- 
tains 1000-4000 different types of enzymes, each of 
which catalyzes a single chemical reaction or set of closely 
related reactions. Certain enzymes are found in the ma- 
jority of cells because they catalyze common cellular reac- 
tions — the synthesis of proteins, nucleic acids, and phos- 
pholipids and the conversion of glucose and oxygen into 
carbon dioxide and water, which produces most of the 
chemical energy used in animal cells. Other enzymes are 
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found only in a particular type of cell within an organism, 
such as a liver cell or a nerve cell, because they carry out 
some chemical reaction unique to. that cell. Also, many 
mature cells, including erythrocytes (red blood ceils) and 
epidermal (skin) cells, may no longer be capable of mak- 
ing proteins or nucleic acids yet these cells still contain 
specific sets of enzymes that they synthesized at an earlier 
stage of differentiation. 

Certain Amino Acids in Enzymes Bind 
Substrates: Others Catalyze Reactions on 
the Bound Substrates 

Two striking properties characterize all enzymes: their 
enormous catalytic power and their specificity. Quite 
often, the rate of an enzymaticaily catalyzed reaction is 
10*-10 u times that of an uncatalyzed reaction under 
otherwise similar conditions. The specificity of an enzyme 
is determined by the different rates at which it catalyzes 
closely similar chemical reactions or by its ability to dis- 
tinguish between closely similar substrates. 

Certain amino acid side chains of an enzyme are impor- 
tant in determining its specificity and its ability to acceler- 
ate the reaction rate. The properties of an enzyme are 
thus functions of its linear arrangement of amino acids 
and of the appropriate foldings of the peptide chain. En- 
zyme molecules have two important regions, or sites: one 
that recognizes and binds the substrate(s), and one that 
catalyzes the reaction once the substrate(s) have been 
bound. The amino acids in each of these key regions do 
not need to be adjacent in the linear polypeptide; they are 
brought into proximity In the folded molecule. In some 
enzymes, the catalytic site is part of the substrate-binding 
site. These two regions are called > collectively, the active 
site. 

The binding of a substrate to an enzyme usually in- 
volves the formation of multiple noncovalent ionic, hy- 
drogen, and hydrophobic bonds and van der Waals inter- 
actions (Figure 2-16). The array of chemical groups in the 
active site of the enzyme is precisely arranged so that the 
specific substrate can be more tightly bound than any 
other molecule (with the exception of some enzyme inhib- 
itors) and the reaction can occur readily. In catalysis, co- 
valent bonds between the enzyme and the substrate may 
be formed (and then broken) to reduce the activation en- 
ergy for the reaction. 

Trypsin and Chymotrypsin Are Well- 
characterized Proteolytic Enzymes 

The proteolytic (protein-digesting) enzymes trypsin and 
chymotrypsin are synthesized in the pancreas and se- 
creted into the small intestine as inactive precursors, or 
zymogens, called trypsinogen and chymotrypsinogen, re- 
spectively. These zymogens are nor activated until they 
reach the small intestine where they hydrolyze peptide 




▲ Figure 2-16 The specific binding of a substrate to an 
enzyme involves the formation of multiple noncovalent 
bonds. Here, two amino acid residues of the enzyme ribonu- 
dease bind uracil, part of its substrate, by three hydrogen 
bonds. Substrates without the two C=0 groups and one 
N — H group in the appropriate positions would be unable to 
bind or would bind less tightly. Other regions of the enzyme, 
not depicted here > bind other parts of the RNA substrate by 
hydrogen bonds and van der Waals interactions. 



bonds of ingested proteins — a step in their digestion to 
single amino acids (Figure 2-17). The delay in activation 
serves an important regulatory purpose: it prevents the 
enzyme from digesting the pancreatic tissue in which it 
was made. Two irreversible proteolytic cleavages activate 
chymotrypsin. One cleavage removes serine 14 (the serine 
at position 14) and arginine 15 from chymotrypsinogen; 
the other removes threonine 147 and asparagine 148 

0 HO HO 

1 1 11 I Ik, 

C— C — C — N—C— C— N 

H CH 2 H R H 

6 

f chymotrypsin 

O HO H H O 

II I II J I I 
C — N — C — C — 0 " + H— N — C— C — N 

H CH 2 H R H 

6 

▲ Figure 2*17 The hydrolysis of a pepride bond by chy- 
motrypsin. 
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▲ figure 2-18 A linear representation of the conversion of 
chymotrypsinogen into chymotrypsin by the excision of two 
di pep tides. The positions of the disulfide bridges arc indi- 
cated. In the folded molecule, histidine 57, aspartate 102, 
and serine 195 are located in the active site. 



tryptophan, which have large hydrophobic side chains. 
Trypsin, by contrast, is specific for the peptide bond on 
the C-terminal side of lysine and arginine residues. 

Specific Amino Acid Side Chains of Chymotrypsin 
Aid in Substrate Binding The reaction mechanism of 
chymotrypsin was deduced, in part, from the three- 
dimensional structure obtained by x-ray crystallography 
(Figure 2-19). The enzyme contains three polypeptides — 
the A, B, and C chains, which have 13, 131, and 97 
amino acids, respectively. These chains are intercon- 
nected by disulfide bridges (see Figures 2-18 and 2-19). 
The molecule has two key structural features: the active 
site and the hydrophobic deft (a crevice bordered by the 
side chains of several hydrophobic amino acid residues), 
which serves as the binding site for specific amino acid 
residues on the substrate. The conformation of this 
pocket allows the residues lining it to participate in hy- 
drophobic interactions with the large hydrophobic side 
chains of phenylalanine, tyrosine, or tryptophan. Neither 
charged side chains nor small hydrophobic residues on 
the substrate can make the noncovalent bonds necessary 
to fit into the cleft. 

The hydrophobic residues of most globular proteins 
are buried in the interior; when such proteins are in their 
native states, the peptide bonds linking the hydrophobic 
residues are not accessible to hydrolysis by chymotrypsin. 
Normally, stomach acids (pH 1) denature ingested pro- 
teins so that proteases in rhat organ can partly degrade 
them before their exposure to further digestion by chy- 
motrypsin at neutral pH in the intestine. 




(Figure 2-18). Removal of these two dipeptides activates 
the protease function of the enzyme. 

The hydrolysis of peptide bonds is energetically favor- 
able (AC 0 ' - -2 kcal/mol). Nonetheless, the activation 
energy for an uncatalyzed peptide-bond hydrolysis— say, 
in a neutral aqueous solution of a protein at room tem- 
perature—is so high that there is little or no hydrolysis 
even after several months. Biochemists can chemically 
hydrolyze proteins into their constituent amino acids by 
treating them with a 6 M solution of hydrochloric acid in 
an evacuated rube at 100°C for 24 h. Yet at 37°C and 
neutral pH, a molecule of trypsin or chymotrypsin can 
catalyze the hydrolysis of up to 100 peptide bonds per 
second. The power of enzymatically mediated catalysis is 
well-illustrated here: the addition of sufficient enzyme 
can do in seconds what otherwise would require harsh 
conditions and long times. 

Chymotrypsin does not hydrolyze all peptide bonds; 
rather, it is selective for the peptide bond at the carboxyl 
ends of amino acids such as phenylalanine, tyrosine, and 




A Figure 2-19 A three-dimensional model of a- 
chymotrypsin determined from x-ray analysis. The N- and 
C-termini of the A, B, and C chains are indicated, as arc che 
—$— S— bridges and the three amino acid residues of the 
active site (red). After B. W. Matthews et a/., 1967, Nature 
2H:6S2. 



58 CHAPTER. 1 - MOLECULES /.V CELLS 



(His-57) 



, Enzyme 



IAsp.1021 



(Ser-195) 



Substrate 




(a} Enzyme-substrate complex 
▲ Figure 2-20 The mechanism of hydrolysis of a peptide 
bond by cr-chymotrypsin. Red curved arrows represent the 
movement of electrons, (a) The substrate is bound co the 
enzyme so that the bond to be hydrolyzed is positioned near 
serine 195. The negative charge (blue) surrounding the oxy- 
gens in aspartate 102 induces a charge relay system, which is 
initiated when the oxygen atoms on Asp- 102 attract a proton 
from the nitrogen atom on His-57. When the negative charge 
reaches the second nitrogen in His~57, the nitrogen removes 
the proton from the hydroxy t group on Ser-195. The result- 
ing O" attacks the carbon of the bound substrate to form 
(b) a tetrahedral intermediate, so called because the carbon 
atom of interest temporarily has four single bonds. The hy- 
drogen bound to the second nitrogen in His-57 is then added 
to the nitrogen of the substrate. As a result, the C— N bond 
of the substrate breaks, leaving (c) K^H 2 and the acylen- 
lyme intermediate 

O 

HScr-195)-0-C-R 2 

The RjNHz is discharged from the enzyme and replaced by 
water. In the resulting structure (d), a similar charge relay 
sysrem is induced, and His-57 removes a proton from the 
hydrogen-bonded H 2 0. The OH" thus generated attacks the 
carboxyl carbon of the acylenzyme to form (e) another tetra- 
hedral intermediate. The bond between the tetrahedral car- 
bon and the oxygen of Ser-195 is hydrolyzed to yield 
(f) R 2 CQO~ bound noncovalently to the free enzyme, from 
which it is released. After R. M. Stroud, et ai, t975, m Pro- 
teases and Biological Control, E. Reich et ai, edi. Cold 
Spring Harbor Laboratory, p. 25. 



Other Amino Acid Side Chains of Cbymotrypsin 
Have Roles in Catalyzing the Hydrolysis of the 
Bound Substrate The catalytic activity of chymotryp- 
sin depends on three amino acid residues: hisridine 57, 
aspartate 102, and serine 195. These amino acids are dis- 
tant from one another in the primary structure of the pro- 
tein (see Figure 2-18), but the chains are folded in such a 
way in the active enzyme molecule that the three side 
chains are close together, in the correct position for cata- 
lyzing the hydrolysis of a peptide bond in a protein bound 
to the enzyme {sec Figure 2-19). When chymotrypsinogen 
is proteolycically activated, the polypeptide conformation 
is altered to bring these three residues into correct align- 
ment. 
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The hydrolysis reaction proceeds in two main steps. 
First, the peptide bond is broken and the carboxyl group 
is transferred to the hydroxyl residue of serine 195: 

Enz-(SeM95)-OH + R,-NH-C-R 2 > 

Enzyme Substrate 

O 

Enz-(Ser-195)-0-(!:-R2 + R,-NH 2 
Acylenzyme 

Second, this acylenzyme intermediate is hydrolyzed: 
O 

Enz~ (Ser-195)-0-C-R> + H z O ► 



-OH + ~0-C-R, + H + 



Enz-(SeM95) 

Note that the second step restores the enzyme to its origi- 
nal state. 

Aspartate 102 and histidine 57 facilitate the acylation 
reaction by removing the proton from serine 195 and 
adding it to the nitrogen of the departing amino group 
(Figure 2-20). In a similar manner, aspartate 102 and his- 
tidine 57 facilitate the hydrolysis of the acylenzyme. 
These enzymatically catalyzed steps — transfer of a pro- 
ton from the enzyme to the substrate, formation of a co- 
valent acyiserine intermediary and hydrolysis of the 
acylenzyme — all drastically reduce the overall activation 
energy of the proteolysis reaction. 

The hydroxyl group on serine 195 is unusually reac- 
tive. The concept of an "active" serine residue at the ac- 
tive site predated the determination of the crystal struc- 
ture of chymotrypsin. It was already known, for example, 
that the compound diisopropylfluorophosphate is a po- 
tent inhibitor of chymotrypsin; it reacts only with the 
hydroxyl on serine 195 to form a stable covalent com- 
pound that irreveisibly inactivates the enzyme: 



Enz-(Ser-l95)-OH + F-POCH(CHj) 2 > 

O 
I 

HC(CH 3 h 
Diisopropylfluorophosphate 



Enz-(Ser-195)-»0«roCH(CH 3 )i + HF 



HQCHih 

Trypsin and Chymotrypsin Have Different Sub- 
strate-binding Sites A comparison of trypsin and 
chymotrypsin will emphasize the nature of the specificity 
of enzymatically catalyzed reactions. About 40 percent of 
the amino acids in these two molecules are the same; in 



particular, the amino acid sequences in the vicinity of the 
key serine residue are identical: 

195 

— Gly— Asp— Ser— Gly— Gly — Pro 

The three-dimensional structures and catalytic mecha- 
nisms of these two enzymes are also quite similar, indicat- 
ing that they evolved from a common polypeptide. The 
major difference between trypsin and chymotrypsin is 
found in the side chains of the amino acids that line the 
substrate-binding site. The negatively charged amino 
acids in this area of the trypsin molecule facilitate the 
binding of only positively charged {lysine or arginine) res- 
idues, instead of hydrophobic ones. 

Other Hydrolytic Enzymes Contain Active Serine 
Other, mostly unrelated, hydrolytic enzymes also contain 
an active serine residue that is essential for catalysis. For 
example, acetylcholinesterase catalyzes the hydrolysis of 
the neurotransmitter acetylcholine to acetate and choline: 

? 

HjC-C-0-CH 2 -CH a -N(CH 3 ) 3 + H 2 0 — > 
O 

HjC-C-CT + HO-CH 2 -CH 2 -N{CH 3 )3 + H* 

Diisopropylfluorophosphate is a potent, irreversible in- 
hibitor of acetylcholinesterase as well as of chymotrypsin. 
The compound , is lethal to animals because it blocks 
nerve transmission by causing a buildup of the transmit- 
ter substance. (The action of this transmitter is discussed 
in Chapter 20.) 

Coenzymes Are Essential for Certain 
Enzymatically Catalyzed Reactions 

Many enzymes contain a coenzyme — a tightly bound 
small molecule or prosthetic group essential to enzymatic 
activity. Vitamins required in trace amounts in the diet 
arc often converted to coenzymes. Coenzyme A, fot in- 
stance, is derived from the vitamin pantothenic acid; the 
coenzyme pyridoxal phosphate is derived from vitamin 
B$. To cite just one example of how coenzymes function, 
we consider pyridoxal phosphate. The aldehyde group 



1h 



can form a covalent complex called a Schiffbase with an 
— NH 2 group of an amino acid, which facilitates or low- 
ers the activation energy for the breaking of bonds to the 
carbon of the amino acid. Figure 2-21 shows how pyri- 
doxal phosphate catalyzes the decarboxylation of histi- 
dine to form histamine — a potent dilator of small blood 
vessels. Histamine is released by certain cells in the course 
of allergenic hypersensitivity. 
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< Figure 2*21 Pyridoxal phosphate, a coenzyme, partici- 
pates in many reactions involving amino acids. When it is 
bound to histidine decarboxylase, as in this example, it forms 
a Schiff base with the or amino group of histidine. The posi- 
tive charge on the nitrogen of pyridoxal phosphate then at- 
tracts the electrons from the carboxylate group of the histi- 
dine, via a charge relay system. This weakens the bond 
between the o carbon of the histidine and the carboxylate 
group, causing the release of C0 2 . Finally, histamine, the 
reaction product, is hydrolyzed from the pyridoxal complex. 



Substrate Binding May Induce a 
Conformational Change in the Enzyme 

When a substrate binds to an enzyme, molecules of com- • 
plernentary charge or shape, or both, may simply fit to* 
gether into a complex stabilized by a variety of noncova- 
lent bonds. Such an interaction resembles the fitting of a 
key into a lock and is said to occur by a lock-and-key 
mechanism (Figure 2-22a). 

In some enzymes, the binding of the substrate induces a 
conformational change in the enzyme that causes the cat- 
alytic residues to become positioned correctly. Molecules 
that attach to the substrate-binding site, or recognition 
site, of the enzyme but that do not induce a conforma- 
tional change are not substrates of that enzyme. Thus an 
enzyme differentiates between a substrate and a 
nonsubstrate in two ways: Does the potential substrate 
bind to the enzyme? If so, does it induce the correct con- 
formational change? When both criteria are met, the en- 
zyme-substrate complex is said to demonstrate induced 
fit (Figure 2-22b). 

An important example of induced fit is provided by the 
enzyme hexokinase, which catalyzes the transfer of a 
phosphate residue from ATP to a specific carbon atom of 
glucose: 



ATP + 



HO 




+ ADI 



Glucose 



Gtucosc-6-phospiiatc 



This is the first step in the degradation of glucose by cells. 
X-ray crystallography has shown that hexokinase con- 
sists of two domains. The binding of glucose induces a 
major conformational change that brings these domains 
closer together and creates a functional catalytic site (Fig- 
ure 2-23). Only glucose and closely related molecules can 
induce this conformational change, ensuring that the en- 
zyme is used to phosphorylate only the correct substrates. 
Molecules such as glycerol, ribose, and even water may 
bind to the enzyme at the recognition site but cannot in- 
duce the requisite conformational change, so they are not 
substrates for the enzyme. 
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(a) LOCK-AND-KEY 
Substrate 




Enzyme 



(b) INDUCED FIT 




Enzyme 



▲ Figure 2-22 Two mechanisms for the interaction of an 
enzyme and a substrate, (a) In the lock-and-key mechanism, 
the substrate fits directly into the binding site of the enzyme, 
(b) If binding occurs by induced fit, the substrate induces a 
conformational change in the enzyme that appropriately posi 
tions the substrate for catalysis. 




Glucose-hexokinase complex 



A Figure 2-23 The conformation of hexolcinase changes 
markedly when it binds the substrate glucose: the two do- 
mains of the enzyme come closer together to surround the 
substrate. Molecules such as the five-carbon sugar ribosc can 
also bind to hexo kinase by forming specific hydrogen bonds 
with groups in the substrate-binding pocket of the enzyme» 
but only glucose can form all of the bonds that cause the 
enzyme to change its conformation. Courtesy of Dr. 
Thomas A. Sleitz. 



The Catalytic Activity of an Enzyme Can 
Be Characterized by a Few Numbers 

Enzymatic specificity is usually quantified by discrimina- 
tion ratios: a good substrate may be cleaved 10,000 times 
as fast as a poor substrate. The catalytic power of an 
enzyme on a given substrate involves cwo numbers: K m , 
which measures the affinity of the enzyme for its sub- 
stratei and V^, which measures the maximal velocity of 
enzymatic catalysis. Equations for K m and V max are mosc 
easily derived by considering the simple reaction 

S > P 

(substrate — > product) 

in which the rate of product formation depends on [S] 5 
the concentration of the substrate, and on [E], the con- 
centration of the catalytic enzyme. For an enzyme with a 
single catalytic site, Figure 2-24(a) shows how d\?}ldt, the 
rate of product production, depends on [S] when [£] is 
kept constant. 

At low concentrations of S, the reaction rate is propor- 



tional to [S]; as [S] is increased the rate does not increase 
indefinitely in proportion to [S] but eventually reaches 
V max , at which it becomes independent of [SJ. V mojr is 
proportional to [EJ and to a catalytic constant that is 
an intrinsic property of the individual enzyme; halving 
[EJ reduces the rate at all values of [S] by one-half. 

When interpreting curves such as those in Figure 2-24, 
bear in mind that all enzymatically catalyzed reactions 
include at least three steps: (1) the binding of the sub- 
strate (S) to the enzyme (E) to form an enzyme-substrate 
complex (ES); (2) the conversion of ES to the enzyme- 
product complex (EP); and (3) the release of the product 
(P) from EP, to yield free P: 

E + S JZ^SL es "ft* , ep P + E 

In the simplest case, the release of P is so rapid thar we 
can write 

E + S=~ES-^UE + P 
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The reaction rate d[P]/dt is proportional to the concentra- 
tion of ES and to the catalytic constant fc cat for the given 
enzyme: 



dm 
dt 



k m [ES] 



(1) 



To calculate [ES], we assume the reaction is in a steady 
state, so that k x [E] [S], the formation rate of [ES), is 
equal to the rate of its consumption, either by dissocia- 
tion of uncatalyzed substrate at a rate of fe 2 (ES] or by 
catalysis at a rate of & cat [ES]: 



If 



A, IE] [S] = + [ES] 



(El... - [E] + (ES) 



(2) 



(3) 



(where [E] tol is the sum of the free and the complcxed 
enzyme, or the total amount of en2yme), then we can 
combine equations (2) and (3) to obtain 



[E]«,i - IE] + [ES| 



MS] 



[ES] + [ES] 



If we define K m , called the Michaelis constant, as 



*2 + * C 



(4) 



then 



Thus 



[ES] = 



(El,, 



1 + KJ[S) 



dm 
dt 



[SI 



1 + KJ[S\ 



— ^cat IE]« 



[S] + K. 



(5) 
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A Figure 2-24 (a) The rate of a hypothetical enzymati- 
cally catalyzed reaction S -» P for two different concentra- 
tions of enzyme [E) as a function of the concentration of 
substrate [S]. The substrate concentration that yields a half- 
maximal reaction rate is denoted by K m . Doubling the 
amount of enzyme causes a proportional increase in the rate 
of the reaction, so that the maximal velocity V mix is dou- 
bled. The K m , however, is unaltered, (b) The rates of reac- 
tions catalyzed by an enzyme with a substrate S, for which 
the enzyme has a high affinity, and with a substrate S\ for 
which the enzyme has a low affinity. The V max value is the 
same for S and S', but K m is higher for S\ 



This equation fits the curves shown in Figure 2-24a. 
V m4x , which is equal to fe cat [E] rotl is the maximal rate of 
product formation if all recognition sites on the enzyme 
are filled with substrate. K m is equivalent to the substrate 
concentration at which the reaction rate is half-maximal. 
(If [S] - K m , then from equation (5) we calculate the rate 
of product formation to be Vik^ [E] lot " VzV raax .) For 
most enzymes, the slowest step is the catalysis of [ES] to 
[E] + [PJ. In these cases, fc car is much less than k 2 , so that 
K m - (* 2 + k Qar )lk } * k 2 fk y is equal to the equilibrium 
constant for binding S to E. Thus the parameter K m de- 
scribes the affinity of an enzyme for its substrate. The 
smaller the value of K m) the more avidly the enzyme can 
bind the substrate from a dilute solution (Figure 2-24b) 
and the lower the value of [S] needed to reach half- 
maximal velocity. The concentrations of the various 



small molecules in a cell vary widely, as do the K m values 
for the different enzymes that act on them. Generally, the 
intracellular concentration of a substrate is approxi- 
mately the same as or greater than the K m value of the 
enzyme to which it binds. 

The Actions of Most Enzymes Are 
Regulated 

Many reactions in cells do not occur at a constant rate. 
Instead, the catalytic activity of the enzymes is regulated 
so that the amount of reaction product is just sufficient to 
meet the needs of the cell. 
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An Enzyme Can Be Feedback Inhibited in a Reac- 
tion Pathway Consider a series of reactions leading to 
the synthesis of the amino acid isoleucine, which is pri- 
marily used by cells as a monomer in the synthesis of 
proteins. The amount of isoleucine needed depends on 
the rate of protein synthesis in the cell The first step in 
the synthesis of isoleucine is the elimination of an amino 
group, which converts the amino acid threonine to the 
compound a-ketoburyrate. Threonine deaminase — the 
enzyme that catalyzes this reaction— plays a key rote in 
regulating the level of isoleucine. In addition to its sub- 
strate-binding sites for threonine, threonine deaminase 
contains a binding site for isoleucine. When isoleucine is 
bound there, the enzyme molecule undergoes a conforma- 
tional change, so that it cannot function as efficiently. 
Thus isoleucine acts as an inhibitor of the reaction for the 
conversion of threonine. If the isoleucine concentration in 
the cell is high, the binding of isoleucine to the enzyme 
temporarily reduces the rate of isoleucine synthesis: 

NH 3 * 

H-c-cocr 



H-C-OH 




feeJbicV inhibition 



«nzyme inhibited 
by **»1cu«lne 

— H-c-cocr 

H— C— CH3 
CH 2 
CHj 

a-Ketobutyraic Isoleucine 

This is an example of feedback inhibition, whereby an 
enzyme that catalyzes one of a series of reactions is inhib- 
ited by the ultimate product of the pathway. 

In isoleucine synthesis, as in most cases of feedback 
inhibition, the final product in the reaction pathway in- 
hibits the enzyme that catalyzes the first step that does 
not also lead to other products. The suppression of en- 
zyme function is not permanent. If the concentration of 
free isoleucine is lowered, bound isoleucine dissociates 
from the enzyme, which then reverts to its active confor- 
mation. The binding of the inhibitor isoleucine to the en- 
zyme and its subsequent release can be described by the 
equilibrium-binding constant K h which is similar to the 
constant K m used for substrate binding: 

[EMle] inMti ,«^ lHe] + lEUv e 



Many Enzymes Have Multiple Binding Sites for 
Regulatory Molecules Some enzymes have binding 
sites for small molecules that affect their catalytic activ- 
ity; a stimulator molecule is called an activator. Enzymes 
may even have multiple sites for recognizing more than 
one activator or inhibitor. In a sense, enzymes are like 
microcomputers; they can detect concentrations of a vari- 
ety of molecules and use that information to vary their 
own activities. Molecules that bind to enzymes and in- 
crease or decrease their activities are called effectors. Ef- 
fectors can modify enzymatic activity because enzymes 
can assume both active and inactive conformations: acti- 
vators are positive effectors; inhibitors are negative effec- 
tors. Effectors bind at regulatory sites, or allosteric sites 
(from the Greek for "another shape"), a term used to 
emphasize that the regulatory site is an element of the 
enzyme distinct from the catalytic site and to differentiate 
this form of regulation from competition between sub- 
strates and inhibitors at the catalytic site. 



Multimeric Organization Permits Cooperative In- 
teractions among Subunits Many enzymes and some 
orher proteins are multimeric— that is, they contain sev- 
eral copies, or subunits, of one or more distinct polypep- 
tide chains. Some multimeric enzymes contain identical 
subunits, each of which has a catalytic site and possibly 
an effector site. In other enzymes, regulatory sites and 
catalytic sites are located on different subunits, each with 
a particular structure. On binding an activator, inhibitor, 
or substrate, a subunit undergoes a conformational 
change, usually small, that triggers a change in quater- 
nary structure. This quaternary rearrangement favors a 
similar conformational change in the other subunits, 
thereby increasing their affinity for the type of ligand ini- 
tially bound (Figure 2-25). When several subunits interact 
cooperatively, a given increase or decrease in substrate or 
effector concentration causes a larger change in the rate 
of an enzymatic reaction than would occur if the subunits 
acted independently. Because of such cooperative interac- 
tions, a small change in the concentration of an effector 
or substrate can lead to large changes in catalytic activity. 

Cooperative interactions among the four subunits in 
hemoglobin demonstrate clearly the advantages of multi- 
meric organization. The binding of an 0 2 molecule to any 
one of the four chains (each hemoglobin chain binds one 
O z ) induces a local conformational change in that sub- 
unit. This change can in turn induce a large change in 
quaternary structure. The quaternary change involves a 
rearrangement of the positions of the two a and two /3 
chains in the tetramer. The local conformational changes 
that accompany 0 2 binding can then occur more readily 
in the remaining subunits, increasing their affinity for 
oxygen. The binding of a second 0 2 makes the quater- 
nary structural change even more likely. The cooperative 
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▲ Figure 2-25 A cooperative interaction between active 
sites (two identical subunits of a hypothetical enzyme). The 
binding of a substrate to one subunit of a multimeric enzyme 
induces a conformational change in the adjacent subunit, 

interaction between the chains causes the molecule to 
take up or lose four 0 2 molecules over a much narrower 
range of oxygen pressures than it would otherwise. As a 
result, hemoglobin is almost completely oxygenated at 
the oxygen pressure in the lungs and largely deoxygen- 
ated at the oxygen pressure in the tissue capillaries (Fig- 
ure 2-26). 

The contrast between hemoglobin and myoglobin is 
revealing. Myoglobin is a single-chain oxygen-binding 
protein found in muscle. The oxygen-binding curve of 
myoglobin has the characteristics of a simple equilibrium 
reaction: 

E + O z E-K Dl 

Myoglobin has a greater binding affinity for O z (a lower 
K 0i ) than hemoglobin at all oxygen pressures. Thus, at 




Oxygen pressure (mmHg) 



Cooperative interaction 




second subunit Substrate concentration 

which lowers the X m for the binding of the substrate there. 
Thus a small change in the substrate concentration can cause 
a much larger increase in the reaction rate than would occur 
if there were no cooperative interactions between active sires. 

the oxygen pressure in capillaries, 0 2 moves from hemo- 
globin into the muscle cells, where it binds to myoglobin, 
ensuring the efficient transfer of 0 2 from blood to tissues. 

The quaternary-structure rearrangements associated 
with mulrimeric organization also provide a way for the 
effects of activator or inhibitor binding at an alios teric 
site to be transmitted to a distant catalytic site without 
large changes in the secondary or tertiary structure of an 
enzyme, which would be incompatible with the principle 
that a particular primary structure must adopt a unique 
folded conformation. Thus, for example, small confor- 
mational changes in a domain in response to binding of 
an effector molecule would produce a quaternary-struc- 
ture change, which amplifies the conformational signal 
and allows it to be transmitted robustly to other parts of 
the enzyme, where it would induce a small conforma- 
tional change affecting enzymatic activity. Membrane- 
embedded receptor proteins that must transmit a confor- 
mational signal from one side of a membrane to the other 
are also likely to be mulrimeric; they transmit the signal 
by quaternary-structure rearrangement or by an effector- 
induced shift in the monomer-multimer equilibrium. 



< Rgura 2-26 The binding of oxygen to hemoglobin de- 
pends on cooperative interactions between the four chains. 
The graph shows the fraction of heme groups in hemoglobin 
and in myoglobin bound to as a function of the oxygen 
pressure. Note that the binding acrivity of hemoglobin in- 
creases sharply over a narrow range of oxygen pressures 
(20-40 mmHg). Hemoglobin is saturated with 0 2 in the 
lungs, but it releases much of its bound 0 2 at the low oxy- 
gen pressure in the tissue capillaries. At any oxygen pressure, 
myoglobin has a higher affinity for O z than hemoglobin 
does. As myoglobin is a principal muscle protein, this prop- 
erty allows oxygen to be transferred from blood to muscle. 
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Enzymes Are Regulated in Marty Ways The activi- 
ties of enzymes are extensively regulated so that the nu- 
merous enzymes in a cell work together harmoniously. 
All metabolic pathways are closely controlled at all times. 
Synthetic reactions occur when the products of these re- 
actions are needed; degradative reactions occur when 
molecules must be broken down. Kinetic controls affect- 
ing the activities of key enzymes determine which path- 
ways are going to be used and the rates at which they will 
function. 

Regulation of cellular processes involves more than 
simply turning enzymes on and off, however. Some regu- 
lation is accomplished through comparlmentation. Many 
enzymes are localized in specific compartments of the 
cell, such as the mitochondria or lysosomes, thereby re- 
stricting the substrates, effectors, and other enzymes with 
which an enzyme can interact. In addition, compartmen- 
tation permits reactions that might otherwise compete 
with one another in the same solution to occur simultane- 
ously in different parts of a cell. Cellular processes are 
also regulated through the control of the rates of enzyme 
synthesis and destruction. 

Antibodies 

Enzymes are not the only proteins that bind tightly and 
specifically to smaller compounds. The insulin receptor 
on the surface of a liver cell, for example, can bind to 
insulin so tightly that the receptors on a cell are half- 
saturated when the insulin concentration is only 10" M. 
This protein does not bind to most other compounds 
present in blood; it mediates the specific actions of insulin 
on liver cells. A molecule other than an enzyme substrate 
that can bind specifically to a macromolecule is often 
called a ligand of that macromolecule. 

The capacity of proteins to distinguish among different 
molecules is developed even more highly in blood pro- 
teins called antibodies, or immunoglobulins, than in en- 
zymes. Animals produce antibodies in response to the 
invasion of an infectious agent, such as a bacterium or a 
virus. Antibodies will be discussed at length in Chapter 
25. We introduce them here because they will appear as 
critical reagents in the discussions of many intervening 
chapters. 

The recognition site of an antibody can bind tightly to 
very specific sites — generally on proteins or carbohy- 
drates — on the surface of the infectious agent. Experi- 
mentally, animals produce antibodies in response to the 
injection of almost any foreign polymer; such antibodies 
bind specifically and tightly to the invading substance 
but, like enzymes, do not bind to dissimilar molecules. 
The antibody acts as a signal for the elimination of infec- 
tious agents. When it binds to a bacterium, virus, or 
virus-infected cell, certain white blood cells (leucocytes) 
recognize the invading body as foreign and respond by 




-OOC COO" 
Heavy chain 

A Figure 2-27 The structure of an antibody molecule illus- 
trated in an immunoglobulin (IgG) made of four polypeptide 
chains: two identical heavy chains (blue) and two identical 
light chains (orange). Each antigen-binding site is formed by 
che N-terminal segments of a heavy and a light chain. The 
N-termini arc highly variable in sequence, giving rise to the 
wide range of antibody specificity. 



destroying it. The specificity of antibodies is exquisite: 
they can distinguish between proteins that differ by only a 
single amino acid and between the cells of different indi- 
vidual members of the same species. 

AH vertebrates can produce a large variety of antibod- 
ies, including ones that bind to chemically synthesized 
molecules. Exposure to an antibody-producing agent, 
called an antigen, causes an organism to make a large 
quantity of different antibody proteins, each of which 
may bind to a slightly different region of the antigen. For 
a given antigen, these constellations of antibodies may 
differ from one member of a species to another. 

Antibodies are formed from two types of polypeptides: 
heavy chains, each of which is folded into four domains, 
and light chains, each of which is folded into two do- 
mains (Figure 2-27). The N-terminal domains of both 
heavy and light chains are highly variable in sequence, 
giving rise to the specific binding characteristics of anti- 
bodies. 

Antibodies Can Distinguish among Closely 
Similar Molecules 

The sequence of bovine insulin is identical to that of 
human insulin, except at three amino acids. Yet when 
bovine insulin is injected into people, some individuals 
respond by synthesizing antibodies that specifically rec- 
ognize the specific amino acids in the bovine molecule, 
even though human beings generally do not produce anti- 
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tial energy and therefore serve as energy carriers 
to drive energy- requiring reactions. The most com- 
mon energy carrier in all biological systems is aden- 
osine triphosphate (ATP); its structure can be 
reviewed in Figure 2-20. The role of ATP in the 
relationship between catabolic and anabolic 
processes is shown in Figure 5-1. 

A little later in the chapter, we will examine 
some representative chemical reactions that deal 
with energy production (catabolic reactions) and 
energy utilization (anabolic reactions) in micro- 
organisms. We will then look at how these various 
reactions are integrated within the cell. But first let 
us consider the principal properties of a group of 
proteins involved in almost all biologically impor- 
tant chemical reactions. These proteins, the 
enzymes, were described briefly in Chapter 2. 
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Although it is beyond the scope of this text to name 
and discuss the actions of individual enzymes, you 
should be aware of the central role of enzymes in 
metabolic reactions. It is important to understand 
that a cell's metabolic pathways are determined by 
its enzymes, which are, in turn, determined by its 
genetic makeup. 



ENZYMES 

Many organic chemicals are so stable that they 
could remain unchanged in a cell for years. To 
activate these chemicals, living cells produce 
enzymes, proteins that act as catalysts in chemical 
reactions of importance to the ceD, A catalyst is a 
substance that speeds up a reaction without being 



i 



CATABOUSAf 




Figure 5-1 Relationship between anabolism and catabotism and the role of ATP. When simple 
compounds are combined to form complex compounds (anabolism), ATP provides the energy for 
synthesis. When large compounds are split apart (catabolism), heat energy is given off and some 
energy is trapped in ATP molecules. 
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Enzyme Enzyme-substrate Enzyme 

complex recovered 



Figure 5-2 Mechanism of enzyme action. The surface of the substrate comes into 
contact with the active site on the surface of the enzyme to lorm an enzyme-substrate 
complex. The substrate is then transformed into products and the enzyme is recovered. 



changed by it. Generally large globular proteins, 
enzymes range in molecular weight from about 
10,000 to somewhere in the millions. Of the thou- 
sand or more known enzymes, each has a three- 
dimensional characteristic shape with a specific 
surface configuration due to its primary, secondary, 
and tertiary structures (see Figure 2-18). 

Mechanism of Enzyme Action 

As mentioned in Chapter 2, catalysts lower the 
activation energy required for a chemical reaction. 
Although scientists do not completely understand 
how an enzyme does this, the sequence of events 
is believed to be as follows (Figure 5-2): 

1 . The surface of the substrate— that is, the mole- 
cule or molecules that are reactants in the 
chemical reaction to be catalyzed — contacts a 
specific region on the surface of the enzyme 
molecule, called the active site. 

2. A temporary intermediate compound called an 
enzyme-substrate complex forms. 

3 . The substrate molecule is transformed (by rear- 
rangement of existing atoms, a breakdown of 
the substrate molecule, or the combining of 
several substrate molecules). 

4. The transformed substrate molecules, the 
products of the reaction, move away from the 
surface of the enzyme molecule. 



5. The recovered enzyme, now freed, reacts with 
other substrate molecules. 

Enzyme reaction is characterized by its extreme 
specificity for a particular substrate. For example, a 
specific enzyme may be capable of hydrolyzing a 
peptide bond only between two specific amino 
acids. And other enzymes are capable of hydrolyz- 
ing starch, but not cellulose; even though both 
starch and cellulose are polysaccharides composed 
of glucose subunits, the orientations of the sub- 
units in the two polysaccharides differ. Enzyme 
specificity results from the three-dimensional shape 
of the active site, which fits the substrate somewhat 
like a lock with its key. In most instances, the sub- 
strate is much smaller than the enzyme, and rela- 
tively few of the enzyme's amino acids make up the 
active site. 

A given compound can be a substrate for a 
number of different enzymes that catalyze different 
reactions. The fate of a given reactant (substrate) 
depends on the specific enzyme that reacts upon 
it. For example, glucose-6-phosphate, an important 
molecule in cell metabolism, may be acted upon by 
at least four different enzymes, each of which will 
give a different product. 

Enzymes are exceedingly efficient Under 
optimum conditions, they can catalyze reactions at 
rates that are 10* to 10 10 times (up to 10 billion times) 
more rapid than those of comparable reactions 
without enzymes. The turnover number (number of 
substrate molecules metabolized per enzyme mol- 
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destruction of the red cells .with higher con- 
centrations of the abnormal hemoglobin or 
selective removal of the abnormal hemoglobin 
from the cell. 

In heterozygous alpha hemoglobinopathies, 
the abnormality in the alpha chain will affect 
all three hemoglobin types. Therefore, six 
different hemoglobin types are found— the 
three normal hemoglobins and the three ab- 
normal forms. Examples are Hb D Haltlmore , 
Hb Ann Arbor, and Hb M Boston . 

Combinations of abnormalities exist. Double 
heterozygotes for two beta chain abnormalities 
produce two different abnormal beta chains; 
therefore, there are two abnormal hemoglo- 
bins and no hemoglobin A. An example of this 
is HbS-C disease. Double heterozygotes for 
beta and delta chain abnormalities and for 
alpha and beta chain abnormalities are rare 
but have provided important information. The 
latter will have four major hemoglobin types 
on electrophoresis: a 5 A £ 2 A ; a 2 */3 2 A ; a 2 K &*> an( * 

Double heterozygotes for beta hemoglobinopa- 
thy and beta thalassemia are well known. 
Here, the quantity of abnormal hemoglobin 
exceeds the normal hemoglobin, in contrast to 
the heterozygous beta hemoglobinopathies, in 
which the reverse is true. Examples are HbS 
thalassemias and Hb E thalassemia. 

Beta hemoglobinopathies 

Hemoglobins S, C, D, and E are believed to 
be polymorphisms because their frequency is 
greater than can be explained by mutation 
alone (Lehmann, 1977). They occur in homozy- 
gous as well as heterozygous form and involve 
the beta chain. 

Sickle Cell Disease, Homozygous HbS 
disease is a serious chronic hemolytic anemia, 
first manifest in early childhood and often 
fatal before the age of 30 years. With modem 
medical care, however, many patients live 
longer. Hemoglobin S is found almost exclu- 
sively in the black population; 0.1 to 0.2 per 
cent of the blacks born in the United States 
have sickle cell anemia (Schneider, 1976). 

In hemoglobin S the glutamic acid m the 
sixth position on the beta chain is replaced by 
valine. This substitution is on the surface of 
the molecule and changes its charge and, 
hence, its elect rophore tic mobility. Hemoglo- 
bin S is freely soluble when fully oxygenated; 
when oxygen is removed from HbS, polymer- 
ization of the abnormal hemoglobin occurs, 
forming tactoids (fluid crystals) which are 



rigid and deform the cell into the shape which 
gave the cell its name (Fig. 29-7). In homozy- 
gous Hb S disease, sickling occurs at physio- 
logic oxygen tensions and the rigidity of the 
red cells is responsible for the hemolysis as 
well as for most of the complications. The 
rigid cells are more vulnerable to trauma and 
are readily trapped by the reticuloendothelial 
system, especially the spleen, accounting for 
the hemolysis. As a result of the hemolysis, 
severe continued marrow hyperplasia during 
childhood produces bone changes: expansion of 
the marrow space, thinning of the cortex, and 
radial striations seen in the skull on x-ray. Leg 
ulcers are common. 

Complications. In early childhood, bilateral 
painful swelling of the dorsa of the hands or 
feet occurs as a result of sickling and capillary 
stasis; this is known as the hand-foot syndrome 
or sickle cell dactylitis. It lasts about two 
weeks, is accompanied by changes of periosti- m 
tis as observed by x-ray, and does not occur 
after the age of four. 

The spleen is central to three complications: 
A sequestration crisis refers to sudden pooling 
of blood and rapid enlargement of the spleen, 
resulting in hypovolemic shock. This .may-, 
occur in early childhood when splenomegaly is- ' 
present. Functional asplenia (Pearson, I9f>9) ' 
consists of inadequate antibody responses 
under some conditions and an impaired ability 
of the reticuloendothelial system to clear bac- 
teria and particulate material from the blood, 
probably due to reticuloendothelial blockade. 
This may partly explain the increased risk of 
infection in children with the disease. Salmo- 
nella and pneumococcal infections are unusu- 
ally prevalent in children* with sickle cell 
anemia. Autosplenectomy is the result of 
vaso-occlusive episodes, resulting in progres- 
sive infarction, fibrosis, and contraction of the 
spleen. Though splenomegaly is present in 
childhood, a small fibrotic remnant is the rule 
in the adult. 

Prom early childhood, patients cannot pro- 
duce a concentrated urine, apparently as a 
result of anoxic damage to the vasa recta in 
the medullae of the kidneys. Hematuria as a 
result of papillary necrosis is common. 

Vaso-occlusive crises are debilitating epi- 
sodes of abdominal and bone or joint pain, 
accompanied by fever, which are probably due 
to plugging of small blood vessels by masses of 
sickled cells. Bone necrosis occurs and may be 
a focus for salmonella osteomyelitis. Aseptic 
necrosis of the femoral head is occasionally a 
complication. The various complications as a 
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The opinion in support of the decision being 
entered today is not binding precedent of the Board. 
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1 I. Introduction 

2 This is a decision on the motions remaining in interference no. 1 05,381 . 

3 Junior party Ni has filed four motions. Senior party Rauch has filed five 

4 motions. 

5 Ni substantive motion 1 to substitute Ni proposed count 2 for current 

6 Count 1 is denied. Ni substantive motion 2 for benefit for the purpose of priority 

7 is dismissed as moot as to Ni proposed count 2, granted as to the 29 July 1 997 

8 filing date of the 60/054,021 application for Count 1 and otherwise denied. Ni 

9 substantive motion 3 seeking judgment that all Rauch's involved claims are 

10 unpatentable under 35 U.S.C. § 102(e) as anticipated by U.S. Patent 6,872,568 

1 1 is denied. Ni miscellaneous motion 4 to exclude certain evidence is denied. 

1 2 Rauch substantive motion 1 for benefit for the purpose of priority as to 

13 Count 1 is granted as to the 28 March 1997 and 4 June 1997 filing dates of 

1 4 applications 08/829,536 and 08/869,852, respectively, and otherwise denied. 

1 5 Rauch substantive motion 2 to designate Ni claims 46, 55, 63, 64, 1 1 0 and 1 1 8 

16 as corresponding to Count 1 is denied. Rauch substantive motion 3 is granted 

17 to the extent that Ni claims 35, 36, 38-45, 47-54, 56-61, 75, 83, 92, 99, 100, 102- 

18 109, 111-116, 127-133, 168-178 and 180-203 are unpatentable under 35 U.S.C. 

19 § 1 02(e) as anticipated by U.S. Patent 6,072,047, moot as to anticipation under 

20 § 1 02(e) by U.S. Patents 6,642,358 and 6,569,642, and otherwise denied. 

21 Rauch responsive motion 4 is dismissed as moot in view of the denial of Ni 

22 substantive motion 1. Rauch miscellaneous motion 5 to exclude certain 

23 evidence is dismissed as moot. 
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1 II. Findings of Fact (FF) 

2 The following findings of fact are supported by a preponderance of the 

3 evidence. 

4 1. The junior party is Jian NI, Reiner L. GENTZ, Guo-Liang YU and Craig A. 

5 Rosen ("Ni"). 

6 2. Ni is involved in the interference on the basis of application 10/005,842 

7 ("the '842 application," NX 2025), filed 7 December 2001 . 

8 3. The '842 application has been accorded benefit for the purpose of priority 

9 of the 1 7 March 1 998 filing date of application 09/042,583 ("the '583 

10 application," NX 2024). 

1 1 4. Ni's real party-in-interest is Human Genome Sciences, Inc. ("HGS"). 

12 5. The senior party is Charles RAUCH and Henning WALCZAK ("Rauch"). 

13 6. Rauch is involved in the interference on the basis of U.S. Patent 

14 6,642,358 ("the '358 patent," RX 1012), issued 4 November 2005, based 

15 on application 09/578,392 ("the '392 application"), filed 25 May 2000. 

16 7. The '392 application has been accorded benefit for the purpose of priority 

1 7 of the 26 June 1 997 filing date of application 08/883,036 ("the '036 

18 application," RX 1018), which issued 6 June 2000 as U.S. Patent 

1 9 6,072,047 ("the "047 patent," RX 1 048) 

20 8. Rauch's real party-in-interest is Immunex Corp. ("Immunex"). 

21 9. The subject matter of the interference is defined by one count. 

22 10. Count 1 is "Claim 6 of U.S. Patent 6,642,358" (Paper 1 , p. 3). 

23 11. Claim 6 of the '358 patent, written in independent form, reads: 
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1 A purified TRAIL-R polypeptide comprising an amino 

2 acid sequence that is at least 90% identical to the 

3 amino acid sequence presented in SEQ ID NO:2 

4 wherein said polypeptide binds TRAIL. 

5 12. According to the "358 patent, SEQ ID NO:2 is the 440 amino acid 

6 sequence of a full length human receptor protein (including the N- 

7 terminal signal peptide), "TRAIL-R," encoded by the DNA of SEQ ID 

8 NO:1 (RX 1012, c. 1, 1. 66 - c. 2, 1. 2 and c. 22, II. 7-11). 

9 13. The claims of the parties are: 

]J Ni 35-72, 75,83, 92, 99-133, 152-178 and 180-203 

11 Rauch 1-41 

12 14. The claims of the parties which correspond to Count 1 are: 

Ni 35, 36, 38-45, 47-54, 56-61 , 75, 83, 92, 99, 100, 102- 

\l 109, 111-116, 127-133, 168-178 and 180-203 

15 Rauch 1,4-6, 8-11,17-19, 26-28, 34, 37, 38 and 40 

16 15. The claims of the parties which do not correspond to Count 1 , and 

1 7 therefore are not part of this interference, are: 

]S Ni 37, 46, 55, 62-72, 101, 110, 117-126 and 152-167 

19 Rauch 2, 3, 7, 12-16, 20-25. 29-33, 35, 36, 39 and 41 

20 Other findings of fact follow below. 

21 III. Ni Substantive Motion 1 

22 Pursuant to 37 CFR § 41.121(a)(1)(i), Ni moves to redefine the scope of 

23 the interference by substituting proposed count 2 for current Count 1 (Paper 29). 

24 Rauch opposes (Paper 52); Ni replies (Paper 60). 

25 16. Ni's proposed count 2 reads (Paper 29, p. 1, H 1): 

26 A purified TRAIL-R polypeptide comprising an amino 

27 acid sequence that is at least 90% identical to the 

28 amino acid sequence presented in SEQ ID NO:2 
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1 wherein said polypeptide binds TRAIL or induces 

2 apoptosis. 

3 17. According to Ni, its proposed count 2 simply incorporates Rauch claims 5 

4 and 6, as does the current count, and adds the language "or induces 

5 apoptosis" (id.). 

6 It is our understanding that the source of SEQ ID NO:2 in Ni's proposed 

7 count 2 is the involved '358 patent of Rauch. With this understanding, we now 

8 address Ni motion 1 . 

9 Ni argues that the abilities to bind TRAIL and to induce apoptosis are 

1 0 inherent properties of the polypeptide of Count 1 , although only the former is 

1 1 expressly recited in the count (Paper 29, p. 7, fl 3). A party seeking to change 

1 2 the count in an interference must demonstrate a genuine need to change the 

13 count. As stated in Louis v. Okada. 59 USPQ2d 1073, 1076 (Bd. Pat. App. & Int. 

14 2001), 

}^ [a]t a minimum, ... a preliminary motion to 

] ° broaden out the count on the basis that a party's best 

1 7 or earliest proofs are outside the current count (1 ) 

] ° sn ould make a proffer of the party's best proofs, (2) 

I 9 show that such best proofs indeed lie outside of the 

2 ° scope of the current count, and (3) further show that 

21 the proposed new count is not excessively broad with 

22 respect to what a party needs for its best proofs. 

23 Ni seeks to change the count by adding the limitation "or induces 

24 apoptosis" as an alternative to the limitation "binds TRAIL" (FF 16). Ni seeks to 

25 change the current count because its best proofs do not explicitly rente that the 

26 TRAIL-R polypeptide of the count binds TRAIL (FF 1 8). However, the fact that 

27 Ni's "best proofs" do not explicitly recite the language of the count does not alone 
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1 establish that those proofs are not directed to "subject matter" defined by the 

2 count. "The invention is not the language of the count but the subject matter 

3 thereby defined." Silvestri v. Grant 496 F.2d 593, 598, 181 USPQ 706, 709 

4 (CCPA 1 974). In appropriate circumstances, express limitations of the count 

5 may be shown to be inherent in the proofs, id. ("In reaching this conclusion, we 

6 do not disregard the fact that the count also requires that the ampicillin 

7 possesses greater storage-stability than hydrated ampicillin and have a 

8 molecular weight of about 349. However, we regard these as inherent properties 

9 of Form II ampicillin which add nothing to the count definition beyond that 

1 0 determined by the [other limitations]."). 1 The limitation said not to be disclosed 

1 1 by Ni's best proofs, i.e., the ability to bind TRAIL, may be shown to be an 

1 2 inherent property of the TRAIL-R polypeptide of the count. In fact, Ni argues that 

1 3 the ability to bind TRAIL and the ability to induce apoptosis are both inherent 

14 properties of the TRAIL-R polypeptide of the count: 

1 5 The ability to bind TRAIL is an expressly recited 

1 6 property of the polypeptide and it is an inherent 

17 property of the polypeptide of SEQ ID NO:2. 

1 8 Similarly, the ability of the polypeptide of SEQ ID 

19 NO:2 to induce apoptosis is also an inherent property 

20 of the polypeptide of SEQ ID NO:2. 

21 [Paper 29, p. 7, 3 (citation to material facts omitted).] Additionally, Ni has not 

22 asserted that there are polypeptides meeting the amino acid sequence 



In Silvestri, the count was directed to a new crystalline form of ampicillin which was 
"substantially free of water in the chemically bound state" and had a molecular weight of about 
349, a particular infrared ("IR") spectrograph and improved storage stability vis-a-vis the 
previously known form of ampicillin. Id., 496 F.2d at 595-96, 181 USPQ at 709-710 The court 
held that it was sufficient to possess the claimed compound and to characterize it by its water 
content and IR spectrograph, without demonstrating the knowledge of the ampicillin's molecular 
weight because the molecular weight "add[s] nothing to the count beyond that determined by the 
water content and infrared spectrograph." Id., 496 F.2d at 599, 181 USPQ at 709 
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1 requirements of the count which would induce apoptosis, but not bind TRAIL. 

2 Consequently, adding the phrase "or induces apoptosis" to Count 1 has not been 

3 shown to be necessary to encompass Ni's best proofs. Furthermore, changing 

4 the scope of the count would leave Ni in essentially the same position it is in now 

5 of having to prove an inherent property of the TRAIL-R polypeptide of the count 

6 (FF 18). Hence, Ni has failed to demonstrate that its best proofs are outside the 

7 scope of the current count and, therefore, that there is a genuine need to change 

8 the count. 

9 Based on the foregoing, Ni substantive motion 1 is denied. 

10 IV. Rauch Responsive Motion 4 

1 1 Pursuant to 37 CFR § 41 .121(a)(2), Rauch moves to be accorded benefit 

1 2 for the purpose of priority of the (i) 26 June 1 997, (ii) 4 June 1 997, (iii) 28 March 

13 1997, (iv) 12 March 1997 and (v) 13 February 1997 filing dates of U.S. 

14 applications (i) 08/883,036, (ii) 08/869,852, (iii) 08/829,536, (iv) 08/81 5,255 and 

1 5 (v) 08/799,861 , respectively, as to Ni's proposed count 2 (Paper 45). Rauch 

16 responsive motion 4 is contingent upon the grant of Ni substantive motion 1 to 

17 substitute Ni's proposed count 2 for current Count 1 . Since the contingency has 

1 8 not occurred, Rauch responsive motion 4 is dismissed as moot. 

19 V. Ni Substantive Motion 2 

20 Pursuant to 37 CFR §41 .121(a)(1)(H), Ni moves to be accorded benefit for 

21 the purpose of priority of the 1 7 March 1 997 and 29 July 1997 filing dates of its 

22 earlier filed provisional applications 60/040,846 ("the '846 application," NX 2042) 

23 and 60/054,021 ("the '021 application," NX 2056), respectively, as to Count 1 
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1 and, contingent on the grant of Ni substantive motion 1 , as to Ni's proposed 

2 count 2 (Paper 30). Rauch opposes (Paper 53); Ni replies (Paper 61 ). 

3 To the extent Ni substantive motion 2 is contingent upon the grant of Ni 

4 substantive motion 1 , it is dismissed as moot because the contingency has not 

5 occurred. 

6 As discussed above, the subject matter of Count 1 is directed to a purified 

7 TRAIL-R polypeptide having an amino acid sequence that is at least 90% 

8 identical to SEQ ID NO:2 of Rauch's involved '358 patent, wherein the 

9 polypeptide binds TRAIL (FF 11). 

10 18. TRAIL (TNF-Related Apoptosis-lnducing Ligand) is a member of the TNF 

1 1 ^ and fami| y known to be capable of inducing apoptosis when added to 

12 certain cells, e.g., Jurkat cells (NX 2096 2 ). 

13 19. The '021 and '846 application are both provisional applications. 

14 20. The '021 application was filed 29 July 1997 (NX 2056, cover sheet). 

15 21 . The '846 application was filed 1 7 March 1 997 (NX 2042, cover sheet). 

16 22. Figure 1 of the '021 application is said to show the nucleotide and 

1 7 deduced amino acid sequences of "human Death Domain Containing 

1 8 Receptor 5" (DR5) obtained from the cDNA clone deposited as ATCC 

19 Deposit No. 97920 on 7 March 1997 (NX 2056, p. 1, II. 7-9; p. 6, II. 5-6; p. 

20 7, II. 29-33; p. 9, II. 9-12; p. 10, II. 34-35). 

21 23. According to the '021 specification, DR5 is a 41 1 amino acid protein (jd., 

22 p. 26, II. 9-10). 



2 Wiley et al., "Identification and Characterization of a New Member of the TNF F 
Induces Apoptosis," Immunity . Vol. 3, pp. 673-682 (December 1995) (NX 2096). 



1 

2 
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24. Example 6 of the '021 specification is said to show that a DR5 

extracellular domain-Fc fusion construct (DR5-Fc) binds TRAIL (id., p. 

3 50, I. 6 - p. 51 , 1. 2; Figures 6A-6C). 

4 25. Figure 1 of the '846 application is said to show the nucleotide and 

5 deduced amino acid sequences of DR5 obtained from the cDNA clone 

6 deposited as ATCC Deposit No. 97920 on 7 March 1997 (NX 2042, p. 1 , 

7 II. 5-6; p. 3, II. 22-25; p. 5, II. 24-27). 

8 26. According to the '846 specification, DR5 is a 41 1 amino acid protein (jd. , 

9 p. 6, II. 25-27). 

1 0 27. Figure 2 of the '846 application is said to compare the deduced amino 

1 1 acid sequence of DR5 to the amino acid sequences of three known TNF 

1 2 family death receptor proteins - human tumor necrosis factor receptor 1 

13 (human TNFR1), human Fas protein and DR3 protein (id., p. 5, ||. 8-13). 

14 28. According to the '846 specification, similarities between the amino acid 

15 sequences shown in Figure 2 "strongly suggest that DR5 is also a 

16 death domain containing receptor with the ability to induce apoptosis," 

17 i.e. , that DR5 is a putative death receptor protein of the TN F receptor 

18 family (id., p. 6, II. 31-33, emphasis added). 

19 29. Further according to the '846 specification, "TNF-family ligands induce 

20 various cellular responses by binding to TNF-family receptors, including 

21 the DR5 of the present invention. Cell which express the DR5 

22 polypeptide are believed to have a potent cellular response to DR5 

23 ligands ... " (jd., p. 26, II. 12-15, emphasis added). 
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1 30. The '846 specification defines "TNF-family ligand" as 

2 naturally occurring, recombinant, and synthetic 

3 ligands that are capable of binding to a member of the 

4 TNF-receptor family and inducing the ligand/receptor 

5 signaling pathway. Members of the TNF ligand family 

6 include, but are not limited to, DR5 ligands, TRAIL, 

7 TNF-a, lymphdtoxin-a (LT-a, also known as TNF-G), 

8 LT-IS (found in complex heterotrimer LT-a2-&), FasL 

9 CD40, CD27, CD30, 4-IBB, OX40 and nerve growth' 

10 factor (NGF). Qd., p. 31, II. 4-9, emphasis added.] 

11 31 The amino acid sequence of the DR5 protein shown in the respective 

1 2 Figures 1 of the '021 and '846 applications are identical. 

1 3 32. It is undisputed that the amino acid sequences shown in Figures 1 of the 

14 '021 and '846 applications are at least about 93% identical to the amino 

15 acid sequence of SEQ ID NO:2 as recited in Count 1, with 411 of 440 

16 total amino acids being identical (see Paper 53, p. 22 where Rauch 

1 7 admits Ni's Statement of Material Facts (SMFs) 7 and 8 as set forth in 

18 Paper 30, p. 26). 

19 33. Thus, the '021 application describes an enabled embodiment within the 

20 scope of Count 1, i.e., a DR5 polypeptide having an amino acid 

21 sequence that is at least 90% identical to the amino acid sequence of 

22 SEQ ID NO:2 of the '358 patent (FFs 22, 31 and 32) and which binds 

23 TRAIL (FF 24). 

24 34. Rauch does not dispute Ni's claim to benefit for the purpose of priority of 

25 the filing date of the '021 application (Paper 53). 

26 Based on the foregoing, we accord Ni benefit for the purpose of priority of 

27 the filing date of the '021 application as to Count 1 . 
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1 While the '846 application describes (Figure 1 ) a DR5 polypeptide having a 

2 deduced amino acid sequence which is at least 90% identical to the amino acid 

3 sequence set forth in SEQ ID NO:2 of the '358 patent (FF 32), the disclosure of 

4 the '846 application suggests that the DR5 polypeptide is a death domain 

5 containing receptor with the ability to induce apoptosis (FF 28). However, the 

6 disclosure of the '846 application does not describe preparing a DR5 polypeptide 

7 (or ligand binding portion thereof) or binding the ligand TRAIL to the DR5 

8 polypeptide (or ligand binding portion thereof). Rather, the disclosure of the '846 

9 application suggests that a DR5 polypeptide binds a "DR5 ligand" (FFs 29 and 

10 30). 

1 1 Ni's position is premised on classifying DR5 as a "putative TNF death 

1 2 receptor" based on the described similarity between the amino acid sequences of 

13 DR5 and three previously known TNF death receptors TNFR1 , Fas and DR3 in 

14 the '846 application. According to Ni, TNFR1 , Fas and DR3 were all known to 

1 5 induce apoptosis upon activation and, therefore, that same function should be 

1 6 imputed to DR5 by virtue of the described similarity in amino acid sequences 

1 7 between DR5 and the three TNF death receptors. Ni argues that the '846 

1 8 specification explicitly teaches that DR5 induces apoptosis and binds to a TNF 

19 ligand selected from a limited list including TRAIL. Ni further argues that, based 

20 on the doctrine of inherency, the "846 application need not expressly recite that 

21 DR5 binds TRAIL so long as the '846 application describes the subject matter of 

22 the Count. [Paper 30, p. 2, 3 and bridging pp. 9-1 0.] 
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35. Ni relies on the direct testimony of John C. Reed, M.D., Ph.D. (NX 2103) 
in support of its position. 

36. Dr. Reed has been qualified as an expert to give opinions on the subjects 
of apoptosis and of the tumor necrosis family of ligands (TNFs) and 
receptors (TNFRs), including death receptors. 

37. According to Dr. Reed, the deduced amino acid sequence of human DR5 
described in the '846 application has all the canonical (structural) 
features of a classic death receptor of the TNFR family, i.e., a leader 
peptide, conserved cysteine-rich domain(s), a transmembrane domain 
and a cytosolic domain containing a "death domain" (NX 2103, If 28). 

38. Further according to Dr. Reed, the death domain "is necessary and 
sufficient for apoptosis induction, at least when overexpressed in 
mammalian cells" (id., If 21). 

39. Still further according to Dr. Reed, DR5 shares the highest degree of 
amino acid sequence identity with then known death receptor proteins 
human TNFR1, Fas and DR3 (jd., If 29). 

40. Dr. Reed states that the deduced amino acid sequence of the "death 
domain" region of the DR5 protein described in Ni's '846 application was 
approximately 21, 32 and 33 percent identical to the amino acid 
sequences of the death domains of Fas, TNFR1 and DR3, respectively, 
"using Lipman-Pearson Protein Alignment (with the following parameters: 
Ktuple 2; Gap Penalty 4; Gap Length Penalty 12)" (jd., 31). 
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1 41. Dr. Reed opines that a death domain amino acid sequence identity of 

2 approximately 21-33 percent is "significant" because Chinnaniyan (NX 

3 2058) reported that the death domain of DR3 was 47 and 23 percent 

4 identical to that of TNFR1 and Fas, respectively, while Marsters (NX 

5 2059) reported that the death domain of DR3 was 48 and 20 percent 

6 identical to that of TNFR1 and Fas, respectively (NX 2103, 31). 

7 42. Chinnaiyan reported using MegAlign™ software to align the compared 

8 amino acid sequences (NX 2058, Fig. 1). 

9 43. MegAlign™ software can create alignments between two or more 

1 0 sequences according to different methods, e.g., the clustal method or the 

1 1 Jotun Hein method (see e.g., U.S. Patent 6,277,568, col. 8, II. 22-41 ). 

1 2 44. Neither Chinnayian or Marsters reported the alignment program and 

1 3 parameters used to obtain their respective percent sequence identity 

14 scores. 

15 45. Dr. Reed did not explain percent sequence identity scoring, e.g., how 

16 different alignment methods and parameters calculate percent sequence 

1 7 identity scores; how different alignment methods are compared 

1 8 (normalized to account for the use of different parameters, e.g., 

19 sequence lengths,. gaps, gap positions, etc.); the significance, if any, of 

20 comparing sequences within predicted structural features (e.g., a death 

21 domain or extracellular domain) versus over the entire primary amino 

22 acid sequence; standard error of the method(s) used; use of iteration, 

23 etc. 
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1 46. For example, according to Tartaglia, 3 

2 [i]t has been noted previously that the intracellular 

3 domain of TNF-R1 shares a weak homology (29% 

4 identity over 45 amino acids) with the intracellular 

5 domain of Fas antigen. Upon further inspection of 

6 these sequences, we noted that introduction of a 1 

7 amino acid gap in the Fas sequence extended the 

8 region of homology an additional 20 amino acids 

9 ( F 'g ur e 3). [NX 2067, p. 846, col. 2, fl 1, emphasis 
TO added.] 

1 1 47. Nonetheless, Dr. Reed believes that one of ordinary skill in the art would 

1 2 have reasonably expected the putative death receptor DR5 of the '846 

1 3 specification to have utilities similar to the known utilities of known death 

14 receptors TNFR1, Fas and DR3 (NX 2103, Hfl 33-34). 

1 5 48. According to Dr. Reed, "the most reasonable conclusion to draw from 

16 Ni's March 17, 1997 application is that DR5 is expected, by persons of 

17 ordinary skill in the art, to be a novel death receptor" and, therefore. 

1 8 skilled artisans "would have predicted that activation of DR5 would 

19 induce apoptosis" (NX 2103, U 32, emphasis added). 

20 49. Further according to Dr. Reed, activation (aggregation) of a death 

21 receptor could be caused by (i) ligand binding to the death receptor, (ii) 

22 antibody binding to the death receptor or (iii) overexpression of the death 

23 receptor on the cell surface (id., 24). 

24 50. Dr. Reed testified that 

25 ^ one would want to determine which TNF ligand DR5 

26 binds, Ni's March 17, 1997 application [i.e., the '846 

27 application], in combination with what was known in 

28 th e art at the time, provides all of the necessary 

29 information. For example, Ni's March 17, 1997 

'Tartaglia i et al. (Tartaglia), "A Novel Domain within the 55 kd TNF Receptor Signals Cell Death " 

CeH, Vol. 74, pp. 845-853 (10 September 1993) (NX 2067). ' 
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application states that DR5 binds to a TNF-family 
ligand (Exhibit 2042, pg. 4, 1ffl2-3; pg. 26, pgs 28- 
29; pg. 31, 11, pg. 31, ^1 [sic]), which would have 
been expected by a person of ordinary skill in the art 
in view of the literature that was available by March 
17, 1997. Additionally, Ni's March 17, 1997 
application specifically defines "a TNF family ligand" 
as a limited number of molecules, one of which is 
TRAIL. (Exhibit 2042, pg. 31, lines 4-9). The Ni 
March 17, 1997 application also teaches assays, such 
as cellular response assays, that could be used to 
determine whether TRAIL, or any other of the listed 
TNF ligands, binds to DR5. (Exhibit 2042, pg. 26 
lines 12-26; pg. 27, line 21 through pg. 29, line 6) 
Alternatively, as of March 17, 1997, it would have 
been routine for a person of ordinary skill in the art to 
have tested whether DR5 binds to the TNF-family 
ligands recited in Ni's May [sic] 17, 1997 
application, including TRAIL. Thus, if one wanted to 
have determined whether DR5 bound to a TNF 
ligand, including TRAIL, the Ni March 17, 1997 
application, in combination with what was known in 
the art at the time, teaches all of the needed 
information. [NX 2103, U 56, emphasis and bracketed 
text added.] 



26 


51. Dr. Reed notes that while most TNF family receptors have been shown 


27 


experimentally to bind to specific TNF family ligands, some receptors "do 


28 


not have known receptors to date, or a delay of many years occurred 


29 


before the specific ligand was established" (NX 2103, 1J 18). 


30 


52. According to the '846 specification, there are eleven known members of 


31 


the TNF ligand family, i.e., TNF-a, lymphotoxin-a (LT-a, also known as 


32 


TNF-B), LT-S (found in complex heterotrimer LT-a2-(l), FasL, CD40, 


33 


CD27, CD30, 4-1 BB, OXO40, nerve growth factor (NGF) and TRAIL (NX 


34 


2042, p. 1,11. 21-25 and p. 31,11. 6-9). 


35 


53. The "846 specification defines "TNF-family ligand" as 
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naturally occurring, recombinant, and synthetic 

2 ligands that are capable of binding to a member of the 

3 TNF receptor family and inducing the ligand/receptor 

4 signaling pathway. Members of the TNF ligand family 

5 include, but are not limited to, DR5 ligands, TRAIL, 

6 TNF-a, lymphdtoxin-a (LT-a, also known as TNF-B), 
' LT-U (found in complex heterotrimer LT-a2-B), FasL 

8 CD40, CD 27, CD30, 4-1 BB, OX40 and nerve growth 

9 factor (NGF). Qd., p. 31 , II. 4-9, emphasis added.] 

10 54. Dr. Reed relies on Ni's later filed '201 application (NX 2056, Figure 6A) 

11 and on a later published August 1997 article (NX 2031 4 ) to support his 

12 testimony that DR5 "necessarily" binds to TRAIL and "necessarily" 

13 induces apoptosis (NX 2103, 57). 

14 To be accorded benefit for the purpose of priority in an interference 

15 proceeding "means Board recognition that a patent application provides a proper 

16 constructive reduction to practice under 35 U.S.C. 102(g)(1)." 37 CFR § 41.201. 

1 7 A constructive reduction to practice "means a described and enabled anticipation 

18 under 35 U.S.C. 102(g)(1) in a patent application of the subject matter of a 

19 count." ]d. To fulfill the written description requirement, the patent specification 

20 must describe an invention in sufficient detail that one skilled in the art can 

21 clearly conclude that the inventor invented what is claimed. Lockwood v. Am. 

22 Airlines, Inc., 107 F.3d 1565, 1572, 41 USPQ2d 1961, 1966 (Fed. Cir. 1997). 

23 The specification "need not describe the claimed subject matter in exactly the 

24 same terms as used in the claims; it must simply indicate to persons skilled in the 

25 art that as of the [filing] date the applicant had invented what is now claimed." 

26 Eiselstein v. Frank, 52 F.3d 1035, 1038, 34 USPQ2d 1467, 1470 (Fed. Cir. 1995) 

A Guohua et al. (Guohua), "An Antagonist Decoy Receptor and a Death Domain-Containinq 
Receptor for TRAIL," Science, Vol. 277, pp. 81 5-81 8 (8 August 1 997). Three of the six coauthors 
are also Ni inventors. 
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1 (citations omitted). Furthermore, "the fact that a characteristic is a necessary 

2 feature or result of a prior-art embodiment (that is itself sufficiently described and 

3 enabled) is enough for inherent anticipation, even if that fact was unknown at the 

4 time of the prior invention." Toro Co. v. Deere & Co. 69 USPQ2d 1584, 1590 

5 (Fed. Cir. 2004) (citations omitted). Benefit for the purpose of priority focuses on 

6 the subject matter of a count and only requires a constructive reduction to 

7 practice of a single embodiment within the scope of the count. Falkner v. jngjjs 

8 463 F.3d 1376, 1379, 79 USPQ2d 1001, 1004 (Fed. Cir. 2006); Hunt v. 

9 Treppschuh, 523 F.2d 1386, 1389, 187 USPQ 426, 429 (CCPA 1975). 5 

10 Here, the subject matter of the count is directed to a functional protein i.e., a 

1 1 purified TRAIL-R polypeptide having an amino acid sequence that is at least 90% 

12 identical to SEQ ID NO:2 of Rauch's involved '358 patent, wherein the 

13 polypeptide binds TRAIL (FF 11). Relying on the testimony of Dr. Reed, Ni 

14 argues that the similarity between the deduced amino acid sequence of DR5 and 

15 the known amino acid sequences of three TNF death receptor proteins, i.e., 

16 TNFR1 , Fas and DR3, as described in the '846 application is sufficient to 

1 7 characterize DR5 as a putative TNF death receptor protein and to predict that 

18 DR5 has utilities/functions similar to those of known death receptor proteins, e.g., 

19 induction of apoptosis upon activation. 

20 Neither the disclosure of the '846 application nor the testimony of Dr. Reed 

21 is as explicit as Ni argues. The '846 application suggests that DR5 is a putative 

22 TNF death receptor protein (FF 28). Dr. Reed testified that the most reasonable 

5 In contrast, benefit for the purpose of 35 U.S.C. § 120 and related statutes focuses on the 
subject matter of the claim and requires the application for which benefit is sought to describe and 
enable the entire scope of the claim. 
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1 conclusion a person of ordinary skill in the art would draw from the '846 

2 application is that DR5 "is expected ... to be a novel death receptor" (FF 48). 

3 The '846 specification does not describe preparing DR5 or a ligand binding 

4 portion thereof (e.g., expressing and purifying DR5 from the DNA of Figure 1). 

5 The '846 specification does not describe an activated (functional) DR5 or identify 

6 the TNF ligand which activates (binds to) DR5. 

7 Since TRAIL was known to be capable of inducing apoptosis (FF 18), 

8 identifying TRAIL as the TNF ligand which bound to DR5 in the '846 specification 

9 would have been one way of describing DR5 as capable of inducing apoptosis. 

1 0 Dr. Reed testified that '846 application "states that DR5 binds to a TNF-family 

1 1 ligand" and that there were "assays, that could be used to determine whether 

12 TRAIL, or any other of the listed TNF ligands, binds to DR5" (FF 50). Dr. Reed 

1 3 further testified that "it would have been routine for one of ordinary skill in the art 

1 4 to have tested whether DR5 binds to the TNF-family ligands recited" in the '846 

1 5 application, "including TRAIL" (FF 50). Notably, the '846 specification 

1 6 enumerates "DR5 ligands" as separate and distinct ligands in its list of TNF 

17 ligands, including TRAIL (FF 53), implying that DR5 might bind to either a known 

18 TNF ligand, e.g., TRAIL, or an as yet unknown TNF ligand, i.e., a DR5 ligand, or 

19 another TNF ligand known to be capable of inducing another function, e.g., cell 

20 proliferation. 

21 In short, there is neither explicit nor implicit disclosure in the '846 

22 application said to show that the DR5 polypeptide encoded by the DNA of Figure 

23 1 is a functional/bioactive protein. The cognate ligand for DR5 is not explicitly 
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1 identified in the '846 application, although it would have been routine for one of 

2 ordinary skill in the art to do so using known techniques, as testified to by Dr. 

3 Reed (FF 50). Moreover, there could be no explicit description of an activated 

4 DR5 based on antibody binding or overexpression in mammalian cells absent 

5 obtaining the DR5 polypeptide (e.g. , by expressing the product of the DNA of 

6 Figure 1) against which to raise an antibody. Finally, a person skilled in the art 

7 could not have reasonably predicted the function(s) of DR5 based solely on the 

8 similarity between its deduced amino acid sequence as set forth in Figure 1 of 

9 the '846 application and the known amino acid sequences of TNFR1 , Fas and 

1 0 DR3 in view of the state of the art when the '846 application was filed for the 

1 1 following reasons. 

1 2 Genes encode proteins by providing a sequence of nucleic acids that is 

1 3 translated into a sequence of amino acids. Methods used to identify novel genes 

14 are classified into two types, i.e., homology based or non-homology based. In 

1 5 homology based methods, for example, clones from a cDNA library are cloned 

16 and analyzed (sequenced). The resultant nucleotide sequences and/or deduced 

1 7 amino acid sequences are checked against databases for similarity (homology) 

1 8 to previously characterized sequences on the theory that molecules with similar 

1 9 sequences would be expected to perform similar functions. However, one of the 

20 difficulties in identifying a functional protein is that function depends not only on 

21 the amino acid sequence of the protein, but also on other factors, e.g., the three- 

22 dimensional structure of the protein. 
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1 In order for a protein to function properly its amino acid sequence (primary 

2 structure) must fold itself up into a complex three-dimensional shape which 

3 allows for molecular recognition. Molecular recognition often involves only a 

4 small number of key amino acid residues on the functional surfaces of interacting 

5 molecules. These residues are dispersed in diverse regions of the primary 

6 amino acid sequence due to the complex structural organization of the protein. 

7 There are multiple levels to the structural organization of a protein. The primary 

8 structure of a protein refers to the linear arrangement of amino acid residues 

9 along a polypeptide chain Secondary structures form through interactions 

10 between amino acids typically found near each other in the peptide chain which 

1 1 fold parts of the chain into regular structures, e.g.. a helices and IS sheets. 

1 2 Tiertiary structure folds both the secondary structures and the regions between 

1 3 them into compact three-dimensional shapes in an energetically favourable way. 

14 Quaternary structure refers to the organization of several polypeptide chains into 

15 a single protein molecule, e.g., hemoglobin is a tetramer. Consequently, amino 

16 acid residues rather near to each other in a protein's primary structure may be 

1 7 rather distant in the protein's ultimate quaternary structure. [See generally, 

18 MOLECULAR CELL BIOLOGY ("MCB"), second edition, Darnell et al., W.H. 

19 Freeman and Company, New York, NY (1990), pp. 44-48 (copy enclosed).] 

20 For example, an enzyme is a protein that catalyzes a biochemical 

21 reaction. The function of an enzyme relies on the structure of its "active site," a 

22 specific cavity-like region on the surface of the three-dimensional enzyme which 

23 allows a spatial fit (molecular recognition) between the enzyme and its substrate 
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1 (reactant in the reaction being catalyzed). The active site contains key amino 

2 acids that bind the substrate and are involved in the reaction catalyzed by the 

3 enzyme. These key amino acids are brought into proximity (into the active site) 

4 by protein folding. [See generally, MICROBIOLOGY: An Introduction, Tortora et 

5 al., The Benjamin/Cummings Publishing Company, Inc., Menlo Park, California 

6 (1982), pp. 111-112, copy enclosed; MCB, pp. 55-65, copy enclosed.] 

7 On the other hand, mutations that cause human disease often disrupt 

8 protein structure, thereby altering or abolishing normal protein function. For 

9 example, sickle cell anemia occurs in humans that are homozygous for a S- 

10 hemoglobin gene that differs from the normal adult hemoglobin gene by a single 

1 1 base pair, resulting in a change in a single amino acid from glutamate to valine in 

12 position 5. This substitution is on the surface of the abnormal hemoglobin (Hb S) 

13 and changes the electrostatic charge on the surface of Hb S. When oxygen is 

14 removed from Hb S, the protein polymerizes into rigid crystals that deform a 

15 sickle cell patient's red blood cells. Thus, although normal hemoglobin and Hb S 

16 have virtually identical primary amino acid sequences, a single amino acid 

17 change in Hb S alters its quaternary structure and results in abnormal protein 

18 function. [See generally, CLINICAL DIAGNOSIS AND MANAGEMENT BY 

19 LABORATORY METHODS, sixteenth edition, J.B. Henry ed., W.B. Saunders 

20 Company, Philadelphia (1979), Vol. I, p. 992, copy enclosed.] 

21 Therefore, "[sequence comparison can indicate whether an RNA or 

22 protein molecule or region of DNA is already known (identity) or has some 

23 degree of similarity to a known sequence" (MOLECULAR BIOLOGY AND 



Interference No. 105,381 Page 22 

Human Genome Sciences, Inc. (Ni) v. Immunex Corp. (Rauch) Paper 101 

1 BIOTECHNOLOGY, R. Myers, ed., VCH Publishers, Inc., New York, NY (1995), 

2 p. 860, c. 1, fl 1, copy enclosed). However, since "[t]he function of nucleic acids 

3 and proteins depend on their structure and involves complex interactions in three 

4 dimensions", 

5 [i]t is not presently understood whether it is possible, 

6 in general, to derive structure from sequence. 

7 Sequence alone is therefore often inadequate to 

8 determine function. Predictions made from sequence 

9 analysis need to be experimentally tested. 

10 Nonetheless, computer analysis of sequences is 

1 1 valuable in suggesting the most useful experiments to 

12 perform. [Id., p. 860, c. 1, 1J2.] 

13 Indeed, the difficulties in predicting the structure and function of a protein from 

14 just its amino acid sequence (primary structure) are so well known in the art that 

15 the ability to characterize the function and structure of a protein from its amino 

1 6 acid sequence has been called the "Holy Grail" of molecular biology (RX 1 061 , 6 

17 p. 511,0.2,111 top. 512, c. 1,U1). 

18 55. Genchong Cheng, Ph.D., is a witness for Rauch and has been qualified 

19 as an ex Pert to give opinions on the subjects of signal transduction and 

20 gene expression networks through the TNFR, Toll-like receptor (TLR) 

21 and Nod receptor families during immune responses. 

22 56. Dr. Cheng testified that 

23 [sequence homology to other death domain- 

24 containing TNF receptors may be sufficient to 

25 convince one of ordinary skill in the art that a novel 

26 protein is a TNFR family member. However, 

27 sequence homology alone is not sufficient to support 

2 8 an assertion that a novel TNFR family member 

29 protein will induce specific biological activities such as 



6 Pawlowski et al., "From fold to function predictions: an apoptosis regulator protein BID " 
Computers a nd Chemistry . Vol. 24, pp. 511-517 (2000) (RX 1061). 
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1 apoptosis. Without additional data regarding the 

2 activity of a TNFR family member, such as, for 

3 example, the identity of the ligand with a known 

4 function (such as TRAIL) to which the receptor binds, 

5 one of ordinary skill in the art cannot reasonably 

6 predict the function of the TNFR family member [RX 

7 1039,H17.] 

8 Ni's own witness, Dr. Reed, did not testify that the specification and figures 

9 of the '846 application would have reasonably conveyed to a skilled artisan that a 

10 DR5 having the deduced amino acid sequence shown in Figure 1 is in fact a 

1 1 functional death receptor protein based solely on its amino acid sequence 

1 2 (primary structure). Dr. Reed did not testify that the skilled artisan would have 

1 3 understood the '846 application to describe a functional death receptor. Rather, 

14 Dr. Reed testified to "the most reasonable" (not the necessary and always) 

1 5 conclusion that one of ordinary skill in the art would have drawn from the 

1 6 disclosure of the '846 application (FF 48). 

1 7 Dr. Reed also testified that there was a "significant" percent sequence 

1 8 identity between the deduced amino acid sequence of DR5's death domain and 

1 9 the amino acid sequence of the death domains of TNFR1 , Fas and DR3 (FFs 40 

20 and 41 ). However, Dr. Reed's testimony in this regard is entitled to little, if any, 

21 weight because Dr. Reed did not provide a sufficient basis for his opinion. Dr. 

22 Reed did not explain how percent sequence identity scores were obtained, 

23 identify what alignment methods and parameters were used by the "references" 

24 (Chinnaiyan (NX 2058) 7 and Marsters (NX 2059) 8 ), explain how percent identify 



7 Chinnaiyan et al. (Chinnaiyan), "Signal Transduction by DR3, a Death Domain-Containing 
Receptor Related to TNFR-1 and CD95," Science . Vol. 274, pp. 990-992 (8 November 1996) (NX 
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1 scores based on different alignment methods and parameters relate to each 

2 other, what standard of error was typically found, whether iteration was 

3 necessary to obtain a statistically valid result, etc. 37 CFR § 41 . 1 58; Standing 

4 Order fl 24. Further, as illustrated by the discussion of Hb S above, even very 

5 small differences between protein variants with highly similar amino acid 

6 sequences can produce significant differences in function. 

7 Therefore, in view of the state of the art at the time the '846 application 

8 was filed and the testimony of both Drs. Reed and Cheng, we find that the '846 

9 application does not describe an enabled embodiment (a functional DR5 having 

10 the deduced amino acid sequence shown in Figure 1) within the scope of Count 

11 1 . The '846 application does describe a DR5 which may be preliminarily 

12 classified as a TNF death receptor protein based upon its deduced amino acid 

13 sequence. However, given the unpredictability of determining function from 

14 structure, a skilled artisan would have had to carry out further research to identify 

1 5 the function(s) of DR5 having the deduced amino acid sequence set forth in 

16 Figure 1. 

17 Anticipation is a question of fact, not a conclusion of law, no matter how 

18 reasonable that conclusion may appear to be. Putative assignment to a protein 

19 (sub)family does not assess the actual biological function/utility of a nucleic acid 

20 sequence and its encoded protein product. Ni has failed to establish that the 

21 '846 application describes a functional death receptor protein within the scope of 

22 the count based solely on the disclosure of a deduced amino acid sequence. 



Marsters et al. (Marsters), "Apo-3, a new member of the tumor necrosis factor receptor family 
contains a death domain and activates apoptosis and NF-kB," Current Biology . Vol 6 No 12 dd 
1669-1676 (1996) (NX 2059). ' ' ^' 
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1 Brenner v. Manson, 383 U.S. 519, 532, 148 USPQ 689, 694 (1966) ("the 

2 presumption that adjacent homologues have the same utility has been 

3 challenged in the steroid field because of 'greater known unpredictability of 

4 compounds in that field."'). 

5 Ni also argues that the DR5 protein of the '846 application inherently binds 

6 TRAIL and that the '846 specification explicitly teaches that DR5 binds a TNF 

7 ligand selected from a limited list which includes TRAIL (Paper 30, p. 2, 3). 

8 However , before considering whether a limitation is an inherent characteristic of 

9 an embodiment within the scope of a count, that embodiment must itself be 

10 sufficiently described and enabled. loro, 69 USPQ2d at 1590. Thus, this 

1 1 argument fails because Ni has not established that the '846 application describes 

1 2 an enabled embodiment within the scope of the count for the reasons above. 

13 Secondly, arguing that DR5 binds a TNF ligand from a limited list which includes 

1 4 TRAIL is also unpersuasive because the so-called "limited" list appears to cover 

1 5 all the known and unknown ligands of the TNF family, i.e., the list enumerates the 

16 eleven then known TNF ligands and then adds a catch-all "DR5 ligands," 

1 7 seemingly in the event DR5 did not bind any of the then known TNF ligands. 

1 8 Neither the disclosure of the '846 application nor the testimony of Dr. Reed 

1 9 suggests that DR5 necessarily and always binds TRAIL or that DR5 binds a 

20 specific ligand from the "limited" subset of TNF ligands. Moreover, Ni's reliance 

21 on case law is misplaced. 

22 Ni argues that 

23 even without express appreciation of a limitation 

24 recited in a count, disclosure in a priority application 

25 of an embodiment which is later shown to inherently 
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1 possess a characteristic satisfying that limitation is 

2 sufficient to establish constructive reduction to 

3 practice. See e.g., Silvestri v. Grant, 496 F.2d 593, 

4 599, 181 U.S.P.Q. 706, 710 (CCPA 1974) ("The 

5 invention is not the language of the count but the 

6 subject matter defined thereby."); See also Hudziak v. 

7 Ring, 2005 Pat. App. LEXIS 26 (Bd. Pat. App. Intf., 

8 Sept. 2005) (confirming that a party's priority 

9 applications, which disclosed an antibody but did not 

10 state the antibody bound to a particular receptor 

1 1 protein (HER2) as recited in the count, were 

12 nonetheless constructive reductions to practice 

1 3 because subsequent evidence showed that the 

14 antibody bound HER2.) [Paper 30, p. 8, H 1, original 

15 emphasis.] 

1 6 Neither Silvestri nor Hudziak are on point. Silvestri has been discussed 

17 above (§lll. Ni Substantive Motion 1). In Silvestri . the court held that the 

18 evidence established that Silvestri had prepared a new form of ampicillin, 

1 9 recognized and appreciated the existence of the new form of ampicillin, and that 

20 the new form of ampicillin had utility. Jd., 496 F.2d at 598-601, 181 USPQ at 

21 709-712. The court acknowledged that the ampicillin of the count required a 

22 molecular weight of about 349 and greater storage stability than the previously 

23 known form of ampicillin. However, the court thought these were inherent 

24 properties of the new form of ampicillin that Silvestri was said to have obtained, 

25 recognized and described. Id., 496 F.2d at 599, 181 USPQ at 709. The court 

26 noted in Silvestri that the reduction to practice test does not require in haec verba 

27 appreciation of each of the limitations of the count: 

28 This standard does not require that Silvestri establish 

29 that he recognized the invention in the same terms as 

30 those recited in the count. The invention is not the 

31 language of the count but the subject matter thereby 

32 defined. Silvestri must establish that he recognized 

33 and appreciated as a new form, a compound 
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1 corresponding to the compound defined by the count 

2 id.,496 F.2d at 599, 181 USPQ at 710 

3 Here, the compound of the count is a functional protein which has at least 

4 90% identity to a defined amino acid sequence and binds TRAIL. Thus, it is 

5 necessary to consider whether the '846 application describes properties/uses of 

6 DR5. The '846 application only speculates that DR5 has desired properties, e.g., 

7 inducing apoptosis upon activation. Ni is not in the same position as Silvestri 

8 whose application was said to have described obtaining an ampicillin compound, 

9 to have recognized it as a new form of ampicillin and to have described certain 

10 properties of the compound. Ni's '846 application describes a precursor to an 

1 1 encoded protein and speculates on the nature and properties of that protein. 

12 Therefore, Silvestri is not on point. 

13 Similarly, in Hudziak v. Ring . 80 USPQ2d 1018, 1019 (Bd. Pat. App. & Int. 

14 2005), the count was directed to a monoclonal antibody that bound human 

1 5 epidermal growth factor receptor 2 (HER2). A panel of the Board decided that 

16 Chiron's (Ring's real party-in-interest) 1984 application disclosed an embodiment 

17 within the count, i.e., a murine monoclonal antibody designated 454C1 1. Id. The 

1 8 panel noted that the 1 984 application (06/577,976) stated that hybridomas which 

1 9 produced 454C1 1 were deposited with the ATCC and that evidence submitted by 

20 Chiron established that 454C11 bound HER1. Id. at 1020-21. 

21 57. The panel also noted in its decision (Paper 258, p. 129) that "Table 3 of 

22 the 1 984 application reports the binding of antibodies to breast cancer 

23 cell lines and indicates that 454C1 1 binds to SKBR3 cells, which are now 

24 known to express HER2. (CX 1081 , p. 3)." 
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1 Thus, in Hudziak, Chiron was said to have actually prepared an embodiment 

2 within the count, monoclonal antibody 454C1 1 , and to have described it as a new 

3 protein and to have appreciated one of its properties/functions, i.e., that it bound 

4 to breast cancer cells. Ni's '846 application describes a precursor to an encoded 

5 protein and speculates on the nature and properties of that protein. Therefore, 

6 Hudziak is not on point. 

7 Since Ni has failed to establish that the '846 application describes an 

8 enabled compound (functional DR5 protein) within the scope of the count, we do 

9 not reach the issue of what the inherent characteristics of that protein are. In 

1 0 both Silvestri and Hudziak . the application was said to specifically describe 

1 1 compounds that were recognized as novel and as having certain properties. 

1 2 These described and characterized compounds were later found to have other 

1 3 properties required by the count. Here, the '846 application does not describe 

14 and characterize a functional protein. Ni's application only speculates on the 

1 5 nature and properties of the protein encoded by the DNA of Figure 1 and that 

16 speculation is insufficient to show possession of an enabled embodiment within 

17 the count (which may later be found to have other properties required by the 

18 count). 

1 9 Based on the foregoing, Ni is not entitled to benefit for the purpose of 

20 priority of the filing date of the '846 application as to Count 1 . 

21 In conclusion, Ni substantive motion 2 is granted-in-part, denied-in-part 

22 and dismissed-in-part. 

23 
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1 VI. Rauch Substantive Motion 3 

2 Pursuant to 37 CFR § 41.121(a)(1)(iii) and the Order issued 29 November 

3 2005 (Paper 26), Rauch moves for judgment that Ni's '842 application claims 35, 

4 36, 38-45, 47-54, 56-61, 75, 83, 92, 99, 100, 102-109, 111-116, 127-133, 168- 

5 178 and 180-203 ("Ni's involved claims") are unpatentable under 35 U.S.C. § 

6 102(a) and/or (e) as clearly anticipated by one or more of U.S. Patent 6,642,358 

7 ("the '358 patent," RX 1042), U.S. Patent 6,072,047 ("the "047 patent," RX 1048), 

8 U.S. Patent 6,569,642 ("the '642 patent," RX 1 046) and WO 98/35986 ("WO 

9 '986," RX 1032) (collectively, "the Rauch references") (Paper 36, p. 25). Ni 

1 0 opposes (Paper 49); Rauch replies (Paper 66). 

1 1 58. According to the '358 patent, it issued 4 November 2003 based on 

12 application 09/578,392, filed 25 May 2000, which is a divisional of 

1 3 application 08/883,036, filed 26 June 1 997, which is a continuation-in- 

14 part of application 08/869,852, filed 4 June 1997, which is a continuation- 

15 in-part of application 08/829,536, filed 28 March 1997, which is a 

16 continuation-in-part of application 08/815,255, filed 12 March 1997, which 

17 's a continuation-in-part of application 08/799,861, filed 13 February 1997 

18 (RX 1042, title page). 

1 9 59. According to the '047 patent, it issued 6 June 2000 based on application 

20 08/883,036, filed 26 June 1 997, which is a continuation-in-part of 

21 application 08/869,852, filed 4 June 1 997, which is a continuation-in-part 

22 of application 08/829,536, filed 28 March 1997, which is a continuation- 

23 in-part of application 08/81 5,255, filed 1 2 March 1 997, which is a 
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1 continuation-in-part of application 08/799,861 , filed 13 February 1997 

2 (RX 1048, title page). 

3 60. According to the "642 patent, it issued 27 May 2003 based on application 

4 09/536,201 , filed 27 March 2000, which is a continuation-in-part of 

5 application 08/883,036, filed 26 June 1 997, which is a continuation-in- 

6 part of application 08/869,852, filed 4 June 1997, which is a continuation- 

7 in-part of application 08/829,536, filed 28 March 1 997, which is a 

8 continuation-in-part of application 08/81 5,255, filed 1 2 March 1 997, which 

9 is a continuation-in-part of application 08/799,861, filed 13 February 1997 

10 (RX 1046, title page). 

11 61. WO '968 published 20 August 1998, based on international application 

1 2 PCT/US98/02239, filed 1 1 February 1 998 (RX 1 032, title page). 

1 3 According to the relevant paragraphs of 35 U.S.C. § 102: 

14 [a] person shall be entitled to a patent unless- 

15 (a) the invention was known or used by others 

16 in this country, or patented or described in a printed 

1 7 publication in this or a foreign country before the 

1 8 invention thereof by the applicant for patent, or 

-| g ***** 

20 (e) the invention was described in (1) an 

21 application for a patent, published under section 

22 1 22 (b), by another filed in the United States before 

23 the invention by the applicant for patent or (2) a 

24 patent granted on an application for patent by another 

25 filed in the United States before the invention by the 

26 applicant for patent, except that an international 

27 application filed under the treaty defined in section 

28 351(a) shall have the effects for the purposes of this 

29 subsection of an application filed in the United States 

30 only if the international application designated the 
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1 United States and was published under Article 21(2) 

2 of such treaty in the English language, or 

3 * * * * * 

4 References based on international applications that were filed prior to 29 

5 November 2000 are subject to the former version of 35 U.S.C. § 102(e), 9 i.e., 

6 [a] person shall be entitled to a patent unless ~ 

7 (e) the invention was described in a patent 

8 granted on an application for patent by another filed in 

9 the United States before the invention thereof by the 

10 applicant for patent, or on an international application 

1 1 by another who has fulfilled the requirements of 

12 paragraphs (1), (2), and (4) of section 371(c) of this 

13 title before the invention thereof by the applicant for 

14 patent. 

1 5 A prima facie case is made out under § 1 02(a) if, within a year of the filing 

16 date, the invention, or an obvious variant thereof, is described in a "printed 

17 publication" whose authorship differs from the inventive entity unless it is stated 

18 within the publication itself that the publication is describing the applicant's work. 

19 In re Katz , 687 F.2d 450, 215 USPQ 14 (CCPA 1982). 

20 62. None of the Rauch references issued or published prior to the 17 March 

21 1998 filing date of the Ni claims at issue. 10 

22 63. None of the Rauch references qualify as prior art under § 102(a) vis-a-vis 

23 the Ni claims at issue. 

24 Therefore, to the extent Rauch substantive motion 3 seeks a judgment that 

25 any of the Ni claims at issue are unpatentable under § 102(a) as anticipated by 



* Pursuant to § 13205 of Pub. L. 107-273. 

10 Rauch has not argued prior knowledge or use of the subject matter of any of the Ni claims at 
issue. 
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1 any of the Rauch references, the motion is denied. We now consider whether 

2 any of the Rauch references qualify as prior art under § 1 02(e). 

3 WO '986 is based on an international application filed prior to 29 November 

4 2000 (FF 61 ). Therefore, it must satisfy the requirements of the then applicable 

5 former § 1 02(e) in order to qualify as prior art. Rauch has neither argued nor 

6 shown that WO '986 satisfies the requirements of the applicable § 102(e) (see 

7 Paper 36, p. 22, H 2). Thus, Rauch has not established that WO '986 qualifies as 

8 prior art under the applicable § 102(e) vis-a-vis the Ni claims at issue. 

9 Consequently, to the extent Rauch substantive motion 3 seeks a judgment that 

1 0 any of the Ni claims at issue are unpatentable under § 1 02(e) as anticipated by 

1 1 WO '986, the motion is denied. 

1 2 As indicated above (FFs 58-60), the '358, '047 and '642 patents are related. 

13 The '047 patent issued based on application 08/833,036 and the '358 and '642 

14 patents issued based on an application identified as a divisional or a 

1 5 continuation-in-part, respectively, of application 08/833,036, filed on 26 June 

16 1997. The filing date of the 08/833,036 application is prior to the 17 March 1998 

1 7 filing date of Ni's involved claims and prima facie qualifies as prior art under 

18 § 1 02(e) against the Ni claims at issue. It is not necessary to consider whether 

1 9 the Ni claims at issue are anticipated by the "358 and'642 patents, if the Ni claims 

20 at issue are anticipated by the '047 patent. 

21 Claim chart appendix I attached to Rauch substantive motion 3 (Paper 36, 

22 beginning at p. 243) correlates the disclosure of the '047 patent to each of the 

23 limitations of each of the Ni claims at issue. Therefore, Rauch substantive 



Interference No. 105,381 p age 33 

Human Genome Sciences, Inc. (Ni) v. Immunex Corp. (Rauch) Paper 101 

1 motion 3, when considered in light of the evidence relied upon in support of the 

2 motion, establishes a sufficient basis for holding the Ni claims at issue prima 

3 facie unpatentable under § 102(e) as anticipated by the '047 patent. 

4 As noted by Rauch in its reply (Paper 66, p. 6, If 1), Ni does not contest that 

5 the '047 patent describes the subject matter of its claims at issue. Rather, Ni 

6 argues that the '047 patent does not qualify as prior art because Ni's '583 

7 application claims are said to be entitled to benefit of the 17 March 1997 filing 

8 date of Ni's , 846 application (Paper 49, p. 2, 1J 2; 1f bridging pp. 24-25; Appendix 

9 E). 11 Rauch maintains that Ni cannot obtain benefit of the filing date of its '846 

10 application due to a lack of utility (Paper 36, p. 22, 3 through p. 24, U 1). 

11 As stated in In re Fisher . 421 F.3d 1365, 1378, 76 USPQ2d 1225, 1235 

12 (Fed. Cir. 2005), 

1 3 [i]t is well established that the enablement 

14 requirement of § 1 12 incorporates the utility 

1 5 requirement of § 101 . The how to use prong of 

1 6 section 1 1 2 incorporates as a matter of law the 

1 7 requirement of 35 U.S.C. § 1 01 that the specification 

1 8 disclose as a matter of fact a practical utility for the 

1 9 invention. If the application fails as a matter of fact to 

20 satisfy 35 U.S.C. § 101, then the application also fails 

21 as a matter of law to enable one of ordinary skill in the 

22 art to use the invention under 35 U.S.C. § 1 1 2. 

23 The dispositive question here is whether the Ni claims at issue are entitled to 

24 benefit of the 17 March 1997 filing date of Ni's '846 provisional application, 

25 thereby, antedating the 26 June 1997 filing date of the *047 patent. Benefit for 

26 purposes of antedating prior art, in this case, benefit under 35 U.S.C. § 1 19(e), is 

11 We need not consider whether Ni's '842 application claims are entitled to § 1 1 9(e) benefit of the 
17 March 1998 filing date of Ni's '583 application or the 29 July 1997 filing date of Ni's '021 
application because both of these two filing dates are after the 26 June 1 997 filing date of the 
08/833,036 application which issued as Rauch's '047 patent. 
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1 different from benefit for the purpose of priority. To obtain benefit of the filing 

2 date of a provisional application under § 1 1 9(e), the provisional application must, 

3 in relevant part, satisfy the description and enablement requirements of § 1 1 2, 

4 first paragraph, for the full scope of the claimed subject matter for which benefit is 

5 being sought. Ni and Rauch disagree as to whether the disclosure of Ni's '846 

6 provisional application satisfies the description and enablement requirements of 

7 § 1 12, first paragraph, as to the full scope of the subject matter of the Ni claims at 

8 issue. 

9 Ni cites to specific disclosures in its '846 application said to describe every 

10 element of its claims at issue (Appendix E attached to Paper 49). Ni argues that 

1 1 the '846 application discloses that DR5 polypeptides are useful (a) to make anti- 

12 DR5 antibodies for treating or diagnosing diseases associated with apoptosis or 

13 (b) as antagonists of DR5 signaling (Paper 49, p. 7, 1-2). 



14 64. Dr. Reed, testifying for Ni, stated that the technology necessary to 

15 achieve these functions was within routine skill in the art, e.g., a skilled 

16 artisan would know how to express and purify a protein (e.g., DR5) from 

17 cDNA (e.g., DNA of Figure 1 in the '846 application), how to produce 

18 antibodies that bind to a desired protein (e.g., DR5), etc. (NX 2103, 

19 35-46). 

20 65. Dr. Reed further testified that the uses for DR5 described in the '846 

21 application would have been believable to one of ordinary skill in the art 

22 because the asserted uses had previously been shown to be recognized 
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1 uses of TNF death receptors TNFR1, Fas and/or DR3 (NX 2103, 33- 

2 34 and 47-52). 

3 Essentially, Dr. Reed's testimony as to the utility/enablement of DR5 is 

4 based on the assumption that the DR5 described in the '846 application is a 

5 functional TNF death receptor protein and, therefore, what was known about the 

6 use of other TNF death receptors was directly applicable to DR5 (see e.g. , NX 

7 21 03, 49 and 50 ("[bjased on precedent from prior work in the field of TNF- 

8 family receptors" and "[b]ased on precedent from the literature where agonistic 

9 and antagonistic antibodies to other TNF-family receptors had been produced 

10 and characterized," respectively)). According to Ni, Dr. Reed "has testified 

1 1 unequivocally that 'you can reasonably make a prediction based on homology 

12 alone' and by analyzing "the particular subfamily of proteins to which DR5 

13 belongs, i.e., death receptors", "the most reasonable conclusion to draw from Ni's 

14 March 17, 1997 application is that DR5 is expected, by persons of ordinary skill 

1 5 in the art to be a novel death receptor [and that] a person of ordinary skill in the 

1 6 art would have predicted that activation of DR5 would induce apoptosis" (Paper 

17 49, p. 10, U 1, citations omitted). The disclosure cited by Ni in its Appendix I is no 

1 8 more specific than Dr. Reed's testimony. For example, in the third paragraph of 

19 the third column on page 1 of Appendix I, Ni points to p. 6, lines 25-34 of the '846 

20 application as disclosing that "[t]he homology DR5 shows to other death domain 

21 containing receptors strongly indicates that DR5 is also a death domain 

22 containing receptor with the ability to induce apoptosis." Thus, according to Ni, 

23 Dr. Reed properly focused on the subset of known death receptors and the 
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1 "single" function that unites them, i.e., their ability to induce apoptosis (Paper 49, 

2 pp. 9-10). 

3 Rauch, on the other hand, argues that sequence homology alone is 

4 insufficient to establish that the DR5 polypeptide disclosed in the '846 application 

5 is in fact a TNF family death domain receptor. According to Rauch, unless the 

6 disclosure of the '846 application shows DR5 to be an actual TNF family member 

7 receptor, e.g., by identification of a known TNF ligand as its cognate ligand or by 

8 specific experimental data showing that DR5 induces a TNFR-mediate biological 

9 activity, e.g., apoptosis, inflammatory response, etc., the '846 application fails to 

10 disclose a specific, substantial and credible utility for the DR5 and, therefore, for 

1 1 the Ni claims at issue (Paper 36, fl bridging pp. 23-24). 

12 66. Dr. Cheng testified for Rauch that Ni's '846 application discloses 

1 3 the DNA and amino acid sequence of the 41 1 amino 

14 acid isoform of TR-2, which they refer to as DR5. 

15 DR5 was identified based on sequence homology to 

16 other death domain-containing members of the TNFR 

17 family, including TNFR-1, DR3, and Fas ('846 

18 Provisional, page 5, lines 21-24). The applicants 

1 9 assert that agonists to DR5 can be used to increase 

20 apoptosis, while antagonists to DR5 can be used to 

21 inhibit apoptosis. This assertion is based entirely on 

22 sequence homology between DR5 and death domain- 

23 containing receptors TNFR-1, DR3, and Fas. 

24 However, the "846 Provisional does not identify a 

25 ligand for DR5, and contains no experimental data 

2 6 regarding DR5 function. 

27 Sequence homology to other death domain- 
23 containing TNF receptors may be sufficient to 

29 convince one of ordinary skill in the art that a novel 

3 0 protein is a TNFR family member. However, 

31 sequence homology alone is not sufficient to support 

32 an assertion that a novel TNFR family member 

33 protein will induce specific biological activities such as 

34 apoptosis. Without additional data regarding the 



Interference No. 105,381 Page 37 

Human Genome Sciences, Inc. (Ni) v. Immunex Corp. (Rauch) paper 101 

1 activity of a TNFR family member, such as, for 

2 example, the identity of the ligand with a known 

3 function (such as TRAIL) to which it binds, one of 

4 ordinary skill in the art cannot reasonably predict the 

5 function of the TNFR family member. This is because 

6 TNFR family members are involved in complex signal 

7 transduction pathways which can affect a wide 

8 spectrum of biological activities including apoptosis, 

9 inflammatory response, cell proliferation, cell survival 

1 0 and other activities. The binding of certain TNFR 

1 1 family members by their corresponding ligands can 

1 2 lead to activation of multiple signal transduction 

1 3 pathways. As stated above, the '846 Provisional 

14 contains no data regarding the ligand for DR5, nor 

1 5 does it disclose experimental data of its function. 

1 6 Without knowing more information about the activity 

1 7 of DR5, such as for example its specificity for a ligand 

1 8 with a known function, one of ordinary skill in the art 

1 9 could not reasonably predict the function of the TNFR 

20 family member protein. [RX 1 039, flR 1 6-1 7.] 

21 For essentially the reasons set forth in our analysis in "§VI. Ni Substantive 

22 Motion 2" above, we credit the testimony of Dr. Cheng over that of Dr. Reed. In 

23 short, one of ordinary skill in the art might classify DR5 as disclosed in Ni's '846 

24 application as a possible TNF death receptor protein based on the similarity 

25 between its deduced amino acid sequence and the known amino acid sequences 

26 of TNF death receptor proteins TNFR1 , Fas and DR3. However, given the 

27 unpredictability of determining function from structure (the "Holy Grail" of 

28 molecular biology), a skilled artisan would have had to carry further research to 

29 identify the function(s) of a DR5 polypeptide having the deduced amino acid 

30 sequence set forth in Figure 1 of the '846 application. Thus, the disclosure of the 

31 '846 application fails to satisfy the "how-to-use" requirement of § 1 12, first 

32 paragraph, as to the subject matter of the Ni claims at issue. The Ni claims at 

33 issue are, therefore, not entitled to § 1 19(e) benefit of the filing date of Ni's '846 
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1 application and Rauch's '047 patent still qualifies as prior art under § 1 02(e). 

2 Therefore, Ni claims 35, 36, 38-45, 47-54, 56-61, 75, 83, 92, 99, 100, 102-109, 

3 111-116, 127-133, 168-178 and 180-203 of Ni's '842 application (the Ni claims at 

4 issue) are unpatentable under 35 U.S.C. § 102(e) as anticipated by U.S. Patent 

5 6,072,047. It is not necessary to our decision to consider whether the Ni claims 

6 at issue are also anticipated by either the '358 or '642 patent. 

7 In its opposition, Ni also argues that Rauch substantive motion 3 should 

8 be denied on procedural grounds because it does not seek judgment that al| of 

9 Ni's involved claims are unpatentable and, therefore, is not a proper threshold 

10 motion (Paper 49, p. 13, 2 - p. 14, fl 1). Rauch substantive motion 3 is an 

1 1 ordinary attack on patentability. Ni has not provided any basis requiring a motion 

12 for unpatentability to attack all of a party's involved claims and we know of none. 

1 3 Therefore, this argument is without merit. 

14 Based on the foregoing, Rauch substantive motion 3 is granted only to 

1 5 the extent that Ni claims 35, 36, 38-45, 47-54, 56-61 , 75, 83, 92, 99, 1 00, 1 02- 

16 109, 111-116, 127-133, 168-178and 180-203 are unpatentable under 35 U.S.C. 

17 § 1 02(e) as anticipated by U.S. Patent 6,072,047. 

18 VII. Rauch Substantive Motion 2 

19 Pursuant to 37 CFR § 41.121(a)(1)(i), Rauch moves to redefine the scope 

20 of the interference by designating Ni claims 46, 55, 63, 64, 110 and 118 of the 

21 '842 application as corresponding to Count 1 (Paper 35). Ni opposes (Paper 48); 

22 Rauch replies (Paper 65). 

23 67. Ni '842 application claim 46, written in independent form, reads 
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1 An isolated polypeptide comprising an amino acid 

2 sequence at least 95% identical to amino acids -50 to 

3 360 of SEQ ID NO:2, wherein said polypeptide 

4 induces apoptosis. 

5 68. Ni '842 application claim 55, written in independent form, reads: 

6 An isolated polypeptide comprising an amino acid 

7 sequence at least 95% identical to amino acids -51 to 

8 360 of SEQ ID NO:2, wherein said polypeptide 

9 induces apoptosis. 

10 69. Ni '842 application claim 63, written in independent form, reads: 

1 1 An isolated polypeptide comprising amino acids -50 to 

12 360ofSEQIDNO:2. 

13 70. Ni '842 application claim 64, written in independent form, reads: 

14 An isolated polypeptide comprising amino acids -51 to 

15 360 of SEQ ID NO:2. 

16 71. Ni '842 application claim 110, written in independent form, reads: 

17 An isolated polypeptide comprising an amino acid 

1 8 sequence at least 95% identical to the full length 

19 amino acid sequence encoded by the cDNA clone in 

20 ATCC Deposit No. 97920, wherein said polypeptide 

21 induces apoptosis, 

22 72. Ni '842 application claim 118, written in independent form, reads: 

23 An isolated polypeptide comprising the full length 

24 amino acid sequence encoded by the cDNA clone in 

25 ATCC Deposit No. 97920. 

26 73. SEQ ID NO:2 of Rauch's involved '358 patent contains 440 amino acid 

27 residues. 

28 74. Amino acid residues 1 to 440 of Rauch '358 patent are identical to amino 

29 acid residues -51 to 360 of SEQ ID NO:2 of Ni's 842 application except 

30 for the inclusion of additional amino acid residues 185 to 213 in SEQ ID 

31 NO: 2 of Rauch's '358 patent (RX 1040, pp. 24-25 and RX 1042, ccs. 33- 

32 35). 
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1 75. According to Ni's '842 specification, the polypeptide encoded by the 

2 cDNA clone in ATCC Deposit No. 97920 has the amino acid sequence 

3 recited in SEQ ID NO:2 (RX 1040, p. 4, II. 18-21; p. 9, II. 5-8 and 13-17). 

4 76. Further according to Ni's '842 specification, the full length DR5 lacks the 

5 methionine encoded by nucleotides 130-132 of SEQ ID NO: 1 (RX 1040, 

6 p. 1 1 , II. 28-32) and "may or may not include the leader sequence" (id. , p. 

7 37, II. 15-16). 

8 Rauch argues that 

9 a DNA sequence encoding a polypeptide "at least 

10 90% identical" to Rauch SEQ ID NO:2 would include 

11 (1 ) a DNA sequence encoding a polypeptide having 

12 the same sequence as residues 1 to 440 of Rauch 

1 3 SEQ ID NO:2; (2) a DNA sequence encoding a 

14 polypeptide having the same sequence as residues 1 

1 5 to 440 of Rauch SEQ ID NO:2 but for the substitution 

16 of 1 to 44 of the 440 residues; (3) a DNA sequence 

17 encoding a polypeptide having the same sequence as 

18 residues 1 to 440 of Rauch SEQ ID NO:2 but for the 

19 deletion of 1 to 44 residues; and (4) a DNA sequence 

20 encoding a polypeptide having the same sequence as 

21 residues 1 to 440 of Ni [sic] SEQ ID NO:2 but for the 

22 addition of 1 to 44 additional residues to the 440 

23 residues. [Paper 35, p. 5, II. 1-10.] 

24 In essence, Rauch's position is that "as long as a single species of a claim falls 

25 within the count, then that claim corresponds to the count" (id., p. 5, II. 14-15). 

26 "A claim corresponds to a count if the subject matter of the count, treated 

27 as prior art to the claim, would have anticipated or rendered obvious the subject 

28 matter of the claim." 37 CFR § 41 .207(b)(2). A prior art species within a claimed 

29 genus reads on the generic claim and anticipates. In re Gostelli . 872 F.2d 1008, 

30 1010, 10 USPQ2d 1614, 1616 (Fed. Cir. 1989). However, a species claim is not 

31 necessarily obvious in light of a prior art disclosure of a genus. In re Baird . 1 6 
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1 F.3d 380, 382, 29 USPQ2d 1 550, 1 552 (Fed. Cir. 1 994). In other words, the 

2 "earlier disclosure of a genus does not necessarily prevent the patenting of a 

3 species member of that genus." Eli Lilly & Co. v. Bd. of Regents of the Univ of 

4 Washington, 334 F.3d 1264, 1270, 67 USPQ2d 1161, 1165 (Fed. Cir. 2003) 

5 (citations omitted). 

6 Here, the subject matter of Count 1 is directed to a genus of functional 

7 proteins, i.e., purified TRAIL-R polypeptides having an amino acid sequence that 

8 is at least 90% identical to SEQ ID NO:2 of Rauch's involved '358 patent, 

9 wherein the polypeptides bind TRAIL (FF 1 1 ). Assuming without deciding that 

10 the isolated polypeptides of Ni claims 46, 55, 63, 64, 110 and 118 bind TRAIL, 

1 1 none of these claims recite an isolated polypeptide having an amino acid 

12 sequence identical to SEQ ID NO:2 of Rauch's '358 patent. Ni claims 46, 55, 63, 

13 64, 1 10 and 1 1 8 are directed to subgenera/species within the genus of Count 1 . 

14 The genus of Count 1 does not anticipate the specific subgenera/species of Ni 

15 claims 46, 55, 63, 64, 110 and 118. For example, Ni claim 46 recites a subgenus 

1 6 (an isolated polypeptide comprising an amino acid sequence at least 95% 

17 identical to) within a subgenus (amino acids -50 to 360 of SEQ ID NO:2 of Ni's 

18 '842 application, wherein said polypeptide induces apoptosis) (FF 67). Simply 

1 9 showing that a subgenus/species claim falls within the subject matter of a generic 

20 count does not suffice to establish that the claim is anticipated or rendered 

21 obvious by the subject matter of the count. Rauch has not established why any 

22 of Ni claims 46, 55, 63, 64, 1 1 0 and 1 18 would be unpatentable over the subject 

23 matter of Count 1 , i.e., why the subject matter of each of these claims is an 
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1 obvious subgenera/species within the generic subject matter of the count. 

2 Therefore, Rauch has failed to meet its burden. 

3 Based on the foregoing, Rauch substantive motion 2 is denied. 

4 VIII. Rauch Substantive Motion 1 

5 Pursuant to 37 CFR § 41.121 (a)(1)(H), Rauch moves to be accorded 

6 benefit for the purpose of priority of the (i) 1 3 February 1 997 filing date of 

7 application 08/799,861 ("the '861 application," RX 1014), (ii) 12 March 1997 filing 

8 date of application 08/81 5,255 ("the '255 application," RX 1015), (iii) 28 March 

9 1 997 filing date of application 08/829,536 ("the '536 application," RX 1 016), and 

10 (iv) 4 June 1997 filing date of application 08/869,852 ("the '852 application," RX 

11 1017) (Paper 34). Ni opposes (Paper 47); Rauch replies (Paper 64). 

1 2 The '392 application from which Rauch's involved '358 patent issued has 

1 3 already been accorded benefit of the 26 June 1997 filing date of Rauch's earlier 

14 filed '036 application (FF 7). 

1 5 77. The '036 application is a continuation-in-part of the '852 application, 

1 6 which is a continuation-in-part of the '536 application, which is a 

1 7 continuation-in-part of the '255 application, which is a continuation-in-part 

18 of the '861 application (RX 1042, title page). 

1 9 Benefit for the purpose of priority focuses on the subject matter of a count 

20 and only requires a constructive reduction to practice of a single embodiment 

21 within the scope of the count. Here, the subject matter of the count is directed to 

22 a purified TRAIL- R polypeptide having an amino acid sequence that is at least 
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1 90% identical to SEQ ID NO:2 of Rauch's involved '358 patent, wherein the 

2 polypeptide binds TRAIL (FF 11). 

3 Rauch contends that the two earliest ('861 and "255) applications disclose a 

4 method of obtaining and purifying TRAIL-R protein, its ability to bind TRAIL, its 

5 molecular weight and partial amino acid sequences thereof sufficient to convince 

6 one of ordinary skill in the art that Rauch had possession of an isolated, purified 

7 TRAIL-R protein which inherently has an amino acid sequence at least 90% 

8 identical to SEQ ID NO:2 of the '358 patent (Paper 34, pp. 5-8). Rauch further 

9 contends that the later two ('536 and '852) applications additionally disclose the 

10 full-length amino acid sequence of TRAIL-R which is identical to the amino acid 

11 sequence set forth in SEQ ID NO:2 of the '358 patent (Paper 34, pp. 8-10). 

12 Ni argues that none of the four applications disclose any utility for TRAI L-R 

13 protein and, therefore, fail the how-to-use prong of the enablement requirement 

14 of 35 U.S.C. § 112, first paragraph (Paper 47, p. 2). As to the two earliest ('861 

15 and '255) applications, Ni further argues that (a) the disclosed purification method 

16 results in a mixture of TRAIL-binding proteins, (b) the disclosed partial amino 

17 acid sequence contains amino acids not present in SEQ ID NO:2 of the '358 

18 patent, (c) the disclosed molecular weight is insufficient to differentiate TRAIL-R 

19 protein from other TRAIL-binding proteins, and (d) the amino acid sequence of 

20 the "purified" protein is less than 90% identical to SEQ ID NO:2 of the '358 patent 

21 (Paper 47, pp. 8-22). 

22 78. It is undisputed that the TRAIL-R protein having the amino acid sequence 

23 set forth in SEQ ID NO:2 of the '358 patent is the 440 amino acid 
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1 isoform 12 of a TNF receptor protein alternatively referred to in the art as 

2 TR-2, DR5, Apo-2, TRICK2 and KILLER (see Paper 47, p. B-1 where Ni 

3 admits Rauch SMFs 1 and 6 as set forth in Paper 34, p. 12). 

4 79. According to the '358 patent, the TRAIL-R protein of SEQ ID NO:2 is a 

5 full-length protein which includes an N-terminal signal peptide 13 (RX 

6 1042, c. 2, II. 54-56). 

7 80. Further according to the '358 patent, the signal peptide of the 440 amino 

8 acid full-length TRAIL-R protein is predicted to correspond to amino acids 

9 1 to 51 or 1 to 56 of SEQ ID NO:2 (RX 1041, c. 2, II. 58-62; c. 3., II. 1-12). 

10 A. The '852 (RX 1017) and '536 (RX 1016) applications 

11 81 . According to the '852 specification, TRAIL or "TNF-related apoptosis- 

12 inducing ligand" is a member of the tumor necrosis factor (TNF) family of 

13 ligands and TRAIL-R binds TRAIL (RX 1017, p. 1, II. 16-18 and 26-28; p. 

14 2, II. 9-10). 

15 82. According to the '536 specification, TRAIL or "TNF-related apoptosis- 

16 inducing ligand" is a member of the tumor necrosis factor (TNF) family of 

17 ligands and TRAIL-R binds TRAIL (RX 1016, p. 1, II. 15-17 and 25-27; p. 

18 2, II. 9-10). 

19 83. Further according to the '852 specification, n [c]ertain uses of TRAIL-R 

20 flow from this ability to bind TRAIL, . . . TRAIL-R finds use in inhibiting 



12 An isoform is a variant of the same protein between various tissues, development stages, etc. 
with some small differences, usually a splice variant or the product of some posttranslational 
modification. 

13 A signal peptide (or leader sequence) is a continuous sequence of amino acids, normally at the 
N-terminus of a protein, that targets the full-length protein to its eventual location in a cell and is 
then cleaved off (see generally, MCB, p. 652) (copy enclosed). 
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1 biological activities of TRAIL, or in purifying TRAIL by affinity 

2 chromatography, for example" (RX 1017, p. 2, II. 10-12; these and 

3 additional uses are set forth at p. 20, 1. 15 - p. 25, 1. 1 1). 

4 84. Further according to the '536 specification, "[c]ertain uses of TRAIL-R 

5 flow from this ability to bind TRAIL, . . . TRAIL-R finds use in inhibiting 

6 biological activities of TRAIL, or in purifying TRAIL by affinity 

7 chromatography, for example" (RX 1016, p. 2, II. 10-12; these and 

8 additional uses are set forth at p. 13, 1. 34 - p. 18, 1. 26). 

9 85. Example 6 in the '852 specification is said to demonstrate the ability of 

10 full length human TRAIL-R to bind TRAIL (RX 1017, p. 35, 1. 4 - p. 36, 1. 

11 13). 

12 86. The '536 specification explicitly states that TRAIL-R binds TRAIL (RX 

13 .1016, p. 1, II. 25-27; p. 13, 1. 36; p. 22, 1. 25 - p. 23, 1. 22). 

14 87. SEQ ID NO:1 of the '852 application is said to show a human foreskin 

1 5 fibroblast derived TRAIL-R cDNA encoding a protein having the amino 

16 acid sequence set forth in SEQ ID NO:2 of the '852 application (RX 1017, 

17 p. 33, II. 17-21; pp. 39-43). 

18 88. Figure 2 of the '536 application is said to show a human foreskin 

19 fibroblast derived TRAIL-R cDNA encoding a protein having the amino 

20 acid sequence set forth in Figure 3 of the '536 application (RX 1016, p. 

21 24, II. 29-33). 

22 89. It is undisputed that the full length TRAIL-R amino acid sequence set 

23 forth in SEQ ID NO:2 of the '852 application is identical to the full length 
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1 TRAIL-R amino acid sequence set forth in SEQ ID NO:2 of the '358 

2 patent (compare RX 1017, pp. 42-43, and RX 1042, cc. 33-35; see Paper 

3 47, p. B-3 where Ni admits Rauch SMF 27 as set forth in Paper 34, p. 

4 17). 

5 90. It is undisputed that the full length TRAIL-R amino acid sequence set 

6 forth in Figure 3 of the '536 application is identical to the full length 

7 TRAIL-R amino acid sequence set forth in SEQ ID NO:2 of the '358 

8 patent (compare RX 1016, Figure 3, and RX 1042, cc. 33-35; see Paper 

9 47, p. B-3 where Ni admits Rauch SMF 24 as set forth in Paper 34, p. 

10 17). 

11 91. Thus, the '852 and '536 applications each describe an embodiment within 

12 the scope of Count 1, i.e., a a purified TRAIL-R polypeptide having an 

13 amino acid sequence that is at least 90% identical to SEQ ID NO:2 of 

14 Rauch's involved '358 patent (FFs 87-90), wherein the polypeptide binds 

15 TRAIL (FFs 81-86). 

16 Relying on Rasmusson v. SmithKline Beecham Corp. , 413 F.3d 1318, 75 



17 USPQ2d 1297 (Fed. Cir. 20005), Ni argues that neither the '852 nor the '536 

18 application discloses any utility for TRAIL-R protein and, therefore, fail the how- 

19 to-use prong of the enablement requirement of 35 U.S.C. § 1 12, first paragraph 

20 (Paper 47, p. 2 and p. 7, 2). Specifically, Ni argues that M [n]owhere in Rauch 

21 Substantive Motion 1 does Party Rauch even imply that its earlier applications 

22 discloses [sic] a utility for a polypeptide of the count" (Paper 47, p. 7, U 4). 
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1 In essence, the only opposition raised by Ni is whether the '852 and '536 

2 applications disclose an adequate utility/enablement for a polypeptide within the 

3 scope of the count. First, Count 1 explicitly describes a utility for a polypeptide 

4 within its scope, i.e., the polypeptide binds TRAIL. Second, Rauch asserted this 

5 utility/enablement (Paper 34, p. 8, 1f 3 - p. 10, U 1) and pointed to express 

6 descriptive support of an embodiment within the scope of Count 1 in the '852 and 

7 '536 applications in Appendices F and E, respectively, of its motion. Third, the 

8 '852 and '536 specifications explicitly state that TRAIL-R binds TRAIL (FFs 81- 

9 86). Fourth, our finding that the '852 and '536 applications describe and enable 

1 0 an embodiment within the scope of Count 1 is not inconsistent with the holding in 

11 Rasmusson . 

12 In Rasmusson both parties had interfering claims directed to methods of 

13 treating prostate cancer comprising administering finasteride, a selective 5-a- 

14 reductase inhibitor. An interference was declared by the Board of Patent 

1 5 Appeals and Interferences (the Board). Rasmusson was involved in the 

16 interference on the basis of an application which claimed priority to eight earlier 

17 filed applications. SmithKline Beecham Corp. was involved in the interference on 

18 the basis of two patents and corresponding reissue applications. On appeal from 

19 the decision of the Board, the Federal Circuit affirmed the Board's holding that 

20 Rasmusson was not entitled to benefit for the purpose of priority of the filing 

21 dates of the eight earlier filed applications. Citing In re Brana . 51 F.3d 1560, 34 

22 USPQ2d 1436 (Fed. Cir. 1995), the court said "a specification disclosure which 

23 contains a teaching of the manner and process of making and using the invention 
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1 . . .must be taken as in compliance with the enabling requirement of the first 

2 paragraph of § 1 1 2 unless there is a reason to doubt the objective truth of the 

3 statements contained therein which must be relied on for enabling support" 

4 (Rasmusson, 41 3 F.3d at 1 323, 75 USPQ2d at 1 300, emphasis added). The 

5 court affirmed the Board's finding that one of ordinary skill in the art would not 

6 have believed that finasteride was effective in treating prostate cancer in light of 

7 the state of the art at the relevant time and because Rasmusson had failed to 

8 provide experimental proof demonstrating the effectiveness of the invention (id., 

9 413 F.3d at 1324-25, 75 USPQ2d at 1301). 

1 0 Here, the '852 and '536 specifications explicitly state that TRAIL-R binds 

1 1 TRAIL (FFs 81-82). The '852 and '536 specifications further describe certain 

12 uses of TRAIL-R based on its ability to bind TRAIL, e.g., using TRAIL-R to purify 

1 3 TRAIL by affinity chromatography (FFs 83-84). Ni has not pointed to evidence of 

14 record which raises doubts as to the objective truth of these statements in either 

1 5 the '852 or '536 specifications, as was the case in Rasmusson . For example, Ni 

1 6 does not argue or provide evidence that a receptor protein that binds a ligand 

1 7 could not be used to purify the ligand by affinity chromatography at the time the 

1 8 '852 or '536 application was filed. Alternatively, Ni does not provide any 

1 9 evidence that the TRAIL-R protein set forth in SEQ ID NO:2 and Figure 3 of the 

20 '852 and '536 applications, respectively, does not bind TRAIL. Moreover, Ni 

21 does not argue that the '852 and '536 applications fail to disclose any utility for 

22 the TRAIL-R polypeptide set forth their respective SEQ ID NO:2 and Figure 3 

23 (FFs 87-88). In short, Rauch has described how to use a purified TRAIL-R 
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1 polypeptide within the scope of the count, i.e., TRAIL-R binds TRAIL (Paper 34, 

2 p. 8, U 3 - p. 10, 1), and Ni has not provided any basis to doubt the objective 

3 truth of express statements in the '852 and '536 specifications that the TRAIL-R 

4 of their respective SEQ ID NO:2 and Figure 3 is useful to bind TRAIL. 

5 Based on the foregoing, Rauch substantive motion 1 is granted as to the 

6 '852 and '536 applications. 

7 B. The '255 (RX 1015) and '861 (RX 1014) applications 

8 92. According to the '255 specification, TRAIL-R is a protein which binds 

9 TRAIL and, thus, finds uses in affinity chromatography purification of 

10 TRAIL and in inhibiting biological activities of TRAIL (RX 1015, p. 1, U 5). 

1 1 93. The '255 specification states that Example 1 discloses the isolation and 

1 2 purification of human TRAI L-R protein with a molecular weight of about 

13 52 kD from the cell membranes of Jurkat cells (RX 1015, p. 16, H 3). 

14 94. Specifically, "Jurkat cells are disrupted, and the subsequent purification 

15 process includes affinity chromatography (employing a chromatography 

16 matrix containing TRAIL), and reversed phase HPLC" (RX 1015, p. 4, 1f 

17 5). 

18 95. Further according to the '255 specification, Example 2 discloses the 

1 9 amino acid sequences of tryptic fragments of TRAIL-R protein purified 

20 from Jurkat cells and from PS-1 cells (RX 1015, p. 18, If 4 - p. 19, 1). 

21 96. TRAIL-R protein purified from Jurkat cells and from PS-1 cells were both 

22 said to yield a tryptic fragment having the same amino acid sequence, 

23 i.e., VPANEGD (RX 1015, p. 19, H 1). 
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1 97. Two other tryptic fragments obtained from TRAIL-R protein purified from 

2 PS-1 cells were said to have amino acid sequences of VCEC and 

3 SGEVELSSV, respectively (RX 1015, p. 19, U 2). 

4 98. Example 3 of the '255 specification is said to describe isolating and 

5 amplifying a TRAIL-R DNA fragment from a PS-1 cell cDNA (RX 1015., 

6 P- 19,T|3). 

7 99. Figure 1 of the '255 application is said to show the nucleotide and 

8 encoded amino acids sequences of the isolated TRAIL-R DNA fragment: 

9 ETLRQCFDDFADLVPFDSWEPLMRKLGLMDNEIKVAKAEAAGHRDTLX 

10 TML (RX 1015, p. 19, p. 19, fi 3; p. 24). 

1 1 100 According to the '861 specification, TRAIL-R is a protein which 

12 binds TRAIL and, thus, finds uses in affinity chromatography purification 

13 of TRAIL and in inhibiting biological activities of TRAIL (RX 1014, II. 26- 

14 30) 

15 1 01 • The '861 specification states that Example 1 discloses the isolation 

1 6 and purification of human TRAIL-R protein with a molecular weight of 

17 about 52 kD from the cell membranes of Jurkat cells (RX 1014, p. 15, II. 

18 27-34). 

19 102. Specifically, "Jurkat cells are disrupted, and the subsequent 

20 purification process includes affinity chromatography (employing a 

21 chromatography matrix containing TRAIL), and reversed phase HPLC" 

22 (RX 1014, p. 4, II. 5-7). 
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1 103. Further according to the '861 specification, Example 2 discloses the 

2 amino acid sequences of tryptic fragments of TRAIL-R protein purified 

3 from Jurkat cells and from PS-1 cells (RX 1014, p. 18, II. 7-31). 

4 104. TRAIL-R protein purified from Jurkat cells and from PS-1 cells were 

5 both said to yield a tryptic fragment having the same amino acid 

6 sequence, i.e., VPANEGD (RX 1014, p. 18, II. 7-25). 

7 105. Two other tryptic fragments obtained from TRAIL-R protein purified 

8 from PS-1 cells were said to have amino acid sequences of VCEC and 

9 SGEVELSSV, respectively (RX 1014, p. 18, II. 27-32). 

10 Rauch acknowledges that, unlike the '852 and the '536 applications, neither 

1 1 the '255 nor the '861 applications disclose the full amino acid sequence of 

12 TRAIL-R as presented in SEQ ID NO:2 of the '358 patent (Paper 34, p. 5, 3 

13 and p. 7, 1). Rauch argues that (a) the isolated, purified TRAIL-R protein 

14 disclosed in the '255 and '861 applications inherently has an amino acid 

1 5 sequence at least 90% identical to that set forth in SEQ ID NO:2 of the '358 

16 patent and (b) the '255 and '861 applications disclose that TRAIL-R binds TRAIL 

17 (Paper 34, p. 8. If 1 and bridging pp. 7-8). Rauch relies on the testimony of Dr. 

18 Cheng in support of its position. 

19 106. According to Dr. Cheng, the disclosure of the '861 application, 

20 specifically Examples 1 and 2, "would lead one of ordinary skill in the art 

21 to conclude that the inventors had possession of an isolated, purified 

22 protein that bound TRAIL at the time the '861 Application was filed" from 

23 the membranes of Jurkat cells, said protein having a molecular weight of 
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1 about 50-55 kD as determined by SDS-PAGE and a partial amino acid 

2 sequence of VP AN EG D (RX 1039, H 8). 

3 107. Further according to Dr. Cheng, the disclosure of the '255 

4 application is substantially the same as that of the '861 application and 

5 additionally discloses a 51 amino acid sequence bearing significant 

6 homology to the death domains found in TNF receptor proteins TNFR1 

7 and Fas (RX 1039, H 10). 

8 108. Still further according to Dr. Cheng, 

9 identification of a putative death domain in TRAIL-R, 
•I o combined with the experimental data previously 

! 1 disclosed in the '861 Application showing the isolation 

, 2 and purification of TRAIL-R, its molecular weight, and 

1 3 its ability to bind TRAIL, would be sufficient to convey 

14 to one of ordinary skill in the art that the inventors 

- 5 W ere in possession of a TRAIL receptor belonging to 

. 6 the TNFR family at the time the '255 Application was 

17 filed in March of 1997 (RX 1039, H 10). 

18 109. Dr. Cheng concluded that a skilled artisan would recognize that the 

19 isolated, purified TRAIL-R protein disclosed in the '861 and '255 

20 applications had an amino acid sequence which was later determined to 

21 be a TR-2 sequence which is at least 90% identical to the amino acid 

22 sequence set forth in Rauch SEQ ID NO:2 as required by Count 1 (RX 

23 1039,11118-9). 

24 Ni contends that Rauch's inherency theory is flawed. Specifically, Ni argues 

25 that any TRAIL-R protein purified by the method disclosed in the respective 

26 Example 1 of the '861 and '255 specifications is necessarily the mature form of a 

27 TRAIL-R protein, which lacks its leader sequence (signal peptide) and, therefore, 
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1 would not have an amino acid sequence that is at least 90% identical to the 

2 amino acid sequence of SEQ ID NO:2 of the '358 patent. [Paper 47, p. 4, 2.] 

3 110. TRAIL-R protein is expressed on the membranes of Jurkat cells 

4 (see e.g., RX 2137, p. 700, c. 2, If 2). 

5 111. The isolation and purification method disclosed in Example 1 of the 

6 '861 and '255 applications and of the '358 patent are essentially identical 

7 (compare Example 1 in each of RX 1015 (pp. 16-18), RX 1014 (pp. 15- 

8 1 7) and RX 1 042 (cc. 23-25)). 

9 112. Dr. Cheng also testified that Example 1 of the '861 application and 

1 0 the '358 patent are essentially identical, but for minor spelling 

1 1 differences, e.g., abbreviating California as "CA" in one and "Calif in the 

12 other (NX 2124, p. 98, 1. 3 - p. 99, 1. 17). 

13 113 According to Dr. Cheng, the method of Example 1 would yield 

14 mostly mature TRAIL-R protein because it was obtained from Jurkat cell 

15 membranes (NX 2124, p. 93, 1. 13 - p. 95, 1. 8; p. 101 , II. 3-7; p. 103, II. 8- 

16 12; p. 104, 1. 17- p. 105, 1. 3). 

17 1 14 - According to the involved '358 patent, analysis of tryptic fragments 

18 obtained from a mature TRAIL-R protein shows that its N-terminal is 

19 amino acid residue 56 of SEQ ID NO:2, i.e., that a 55 amino acid 

20 signal peptide was cleaved off of full length TRAIL-R protein when 

21 TRAIL-R was inserted into the cell membrane (RX 1042, c. 3, II. 1-32). 

22 1 15 - Dr. Cheng testified that a mature form of TRAIL-R protein having 

23 385 amino acid residues (i.e., missing its 55 amino acid leader 
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1 sequence) is 87.5 percent identical to 440 amino acid full length 

2 TRAIL-R protein (NX 2124, p. 95. 1. 25 - p. 97, 1. 23 and p. 115, II. 10- 

3 21 (dividing 385 by 440 and multiplying by 1 00 to yield %)). 

4 116. However, according to Dr. Cheng, simply dividing the number of 

5 identical residues in two proteins by the number of residues in the 

6 longer protein was neither the only way of determining percent identity 

7 between the proteins nor the preferred method (NX 2124, p. 108, II. 20- 

8 24). 

9 117. While the '358 patent specification does not define "percent 

1 0 identity" as that term is used in its claims, the '358 specification states 

1 1 that "percent identity may be determined, for example, by comparing 

12 sequence information using the GAP computer program, version 6.0 

13 described by Devereux et al. (Nucl. Acids Res. 12:387, 1984) (RX 

14 1042. c. 6, I. 65- c. 7, 1. 1). 

15 118. In Dr. Cheng's opinion, the mature and full length forms of TRAIL-R 

1 6 are the same protein because they are from the same gene (NX 21 24, 

17 p. 101, II. 12-24). 

18 119. Neither Dr. Cheng nor Ni determined what percent identity a mature 

1 9 form of TRAIL-R protein having 385 amino acid residues would have to 

20 440 amino acid full length TRAIL-R protein set forth in SEQ ID NO:2 of 

21 the '358 patent using the GAP computer program, version 6.0 

22 described by Devereux et al. (Nucl. Acids Res. 12:387, 1984) set forth 

23 in the '358 patent (RX 1042. c. 6, 1. 65 - c. 7, 1. 1). 
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1 The count requires, in relevant part, an isolated TRAIL- R polypeptide 

2 having an amino acid sequence that is at least 90% identical to SEQ ID NO:2 of 

3 the '358 patent. Rauch contends that the isolated, purified TRAIL-R protein 

4 disclosed in the "255 and '861 applications inherently satisfies this limitation. As 

5 stated in In re Oelrich. 666 F.2d 578, 581, 212 USPQ 323, 326 (CCPA 1981) 

6 (quoting Hansqira v. Kemmsr 102 F.2d 212, 214, 40 USPQ 665, 667 (CCPA 

7 1994)), "[inherence, however, may not be established by probability or 

8 possibilities. The mere fact that a certain thing may result from a given set of 

9 circumstances is not sufficient." 

10 It is clear from Dr. Cheng's testimony that there are a number of ways of 

1 1 calculating percent identity between two given amino acid sequences, each of 

12 which may yield a different result. By at least one calculation, a TRAIL-R protein 

13 obtained from Jurkat cell membranes (as described in Rauch's '255 and '861 

14 applications) would be less than 90% identical to SEQ ID NO:2 of the '358 patent 

15 as required by Count 1 (i.e., Dr. Cheng calculated an 87.5 % identity (FF 115)). 

16 Using a different method may give a different result (e.g., Tartaglia calculated 

1 7 29% identity over 45 amino acids, but extended the region of homology an 

18 additional 20 amino acids by introducing a single amino acid gap in one of the 

19 sequences (FF 46)). While Dr. Cheng has stated that some methods of 

20 calculating percent identity are preferred over others, neither Dr. Cheng nor 

21 Rauch has pointed to evidence of record establishing an art recognized standard 

22 method of calculating percent identity between amino acid sequences. 

23 Furthermore, neither Dr. Cheng nor Rauch has pointed to an art recognized 
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1 method of calculation which establishes at least a 90% identity between the 

2 amino acid sequences. Additionally, software programs used to calculate 

3 percent identity are programmed to create different alignments based on different 

4 methods (FF 43). In short, not only do different methods of calculating percent 

5 identity give different results, but also apparently there is no standard method in 

6 the art for calculating percent identity. Thus, one method might yield a percent 

7 identity that falls within the count, while another method might not. Since the 

8 specification of the '358 patent does not define how to determine "percent 

9 identity" (FF 1 1 7), there is no defined method for determining whether a 

1 0 particular amino acid sequence is "at least 90% identical" to SEQ ID NO:2 of the 

1 1 '358 patent as required by the count. Moreover, to the extent the '358 patent 

1 2 suggests that the GAP computer program, version 6.0 described by Devereux et 

1 3 al. (Nucl. Acids Res. 1 2:387, 1 984) might be the preferred method for 

14 determining percent identity between two sequences (FF 117), neither Ni, Rauch 

15 nor Dr. Cheng have shown that applying this calculation will result in at least 90% 

16 sequence identity between mature and full length TRAIL-R proteins. Therefore, 

1 7 Rauch has failed to establish that the isolated, purified TRAIL-R protein disclosed 

1 8 in the '255 and '861 applications inherently has an amino acid sequence at least 

1 9 90% identical to that set forth in SEQ ID NO:2 of the '358 patent. Consequently, 

20 Rauch substantive motion 1 is denied as to the '255 and '861 applications. 

21 Ni's argument that the '255 and '863 applications fail to satisfy the how-to- 

22 use requirement of § 1 12, first paragraph, because the '255 and '863 applications 

23 allegedly fail to disclose any utility for the described TRAIL-R protein is not 
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1 persuasive in view of their respective disclosures (FFs 92 and 100) and 

2 Appendices D and C, respectively, attached to Paper 34 for substantially the 

3 same reasons set forth above in regard to the '536 and '852 applications. It is 

4 unnecessary to reach the merits of Ni's two remaining arguments based on 

5 molecular weight and alleged errors in amino acid sequences. In particular, we 

6 need not consider what effect errors in amino acid sequencing might have on the 

7 percent identity between the sequence containing some errors and SEQ ID NO:2 

8 of the '358 patent. 

9 Based on the foregoing, Rauch substantive motion 1 is granted to the 

1 0 extent that Rauch is accorded benefit for purposes of priority of the 4 June 1 997 

1 1 and 28 March 1 997 filing dates of applications 08/869,852 and 08/829,536, 

12 respectively, and otherwise denied. 

13 IX. Ni Substantive Motion 3 

14 Pursuant to 37 CFR § 41.121(a)(1)(iii) and the Order issued 29 November 

1 5 2005 (Paper 26), Ni seeks judgment that all of Rauch's involved claims, claims 1 , 

16 4-6, 8-11, 17-19, 26-28, 34, 37, 38 and 40, are unpatentable under 35 U.S.C. 

17 § 1 02(e) as anticipated by U.S. Patent 6,872,568 ("Ni's '568 patent," NX 2004) 

18 (Paper 31). Rauch opposes (Paper 54); Ni replies (Paper 62). 

19 120. Ni's '568 patent issued from application 09/565,009 ("the '009 

20 application"), filed 4 May 2000 (NX 2004, title page (21), (22), (75)). 

21 121. The '009 application is said to be a continuation-in-part of 

22 application 09/042,583 ("the '583 application," NX 2024), filed 1 7 March 

23 1998 (NX 2004, title page (63)). 
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1 122. When the '583 application was filed, Ni claimed benefit under 35 

2 U.S.C. § 1 1 9(e) to provisional applications 60/040,846 (NX 2042) and 

3 60/054,021 (NX 2056), filed 1 7 March 1 997 and 29 July 1 997, 

4 respectively (NX 2024, p. 1, II. 12-14). 

5 123. Rauch's involved '358 patent issued from the '392 application, filed 

6 25 May 2000 (FF 6), after the filing of the *009 application. 

7 124. According to the '392 application, the '392 application is 

8 (i) a divisional of the '036 application (RX 101 8), filed 26 June 1997, 

9 (ii) a continuation-in-part of the '852 application (RX 1017), filed 4 June 

10 1997, 

1 1 (iii) a continuation-in-part of the '536 application (RX 1016), filed 28 

12 March 1997, 

1 3 (iv) a continuation-in-part of the '255 application (RX 1015), filed 12 

14 March 1997, 

15 (v) a continuation-in-part of the '861 application (RX 1014), filed 13 

16 February 1997 (RX 1012, title sheet (60)). 

17 Ni contends that Rauch's involved '358 patent claims are unpatentable under 

1 8 35 U.S.C. § 1 02(e) based on Ni's '568 patent (Paper 31 , p. 2, U 4). Ni's '568 

19 patent issued from an application filed three weeks before Rauch's application 

20 which issued as the '358 patent was filed (FFs 120 and 123). Therefore, on its 

21 face, the '568 patent is prior art to Rauch's involved claims. However, both Ni 

22 and Rauch assert that their respective '568 patent reference and involved claims 

23 are entitled to benefit of the filing dates of a number of earlier applications (FFs 
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1 1 21 , 1 22 and 1 24). Specifically, Ni argues that Rauch's claims are not entitled to 

2 a priority date any earlier than the 28 March 1 997 filing date of Rauch's '536 

3 application, while Ni's '568 patent is entitled to the 1 7 March 1 997 filing date of its 

4 '846 application (Paper 31 , p. 8, 1 and p. 1 1 , 1J 3). Therefore, before deciding 

5 whether the disclosure of Ni's '568 patent anticipates the subject matter of 

6 Rauch's claims, we must first decide, as a matter of law, whether Ni's '568 patent 

7 and Rauch's '358 patent are entitled to the filing date of one or more of the 

8 applications to which they have claimed priority. 

9 For prior art purposes, a patent is entitled to benefit of the filing date of a 

1 0 parent application as to all subject matter carried over into the patent from the 

1 1 parent application when the parent application discloses the invention claimed in 

1 2 the reference patent pursuant to 35 U.S.C. § 120 (and related statutes), inre 

13 Wertheim, 646 F.2d 527, 539, 209 USPQ 554, 565-66 (CCPA 1981). According 

14 to § 120, a subsequent application is permitted to relate back to the filing date of 

1 5 a prior application disclosing the same invention if the subsequent application is 

1 6 for an invention disclosed in the manner provided by the first paragraph of 35 

17 U.S.C. § 112, is submitted by the same inventor, is filed before the abandonment 

1 8 of the first application and specifically refers to the parent application. To satisfy 

1 9 the requirements of § 1 12, there must be a written description and an enabling 

20 disclosure of the full scope of the claimed subject matter. Warner-Lambert Co , 

21 v. Teva Phar maceuticals USA. Inc. . 418 F.3d 1326, 1336-37, 75 USPQ2d 1865. 

22 1871-72 (Fed. Cir. 2005) (full scope of claims must be enabled); Pandrol USA. 

23 LP v. Airbos s Railway Products. Inc. . 424 F.3d 1161, 1165, 76 USPQ2d 1524, 
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1 1526 (Fed. Cir. 2005) (written description must show possession of the claimed 

2 invention). Moreover, to get the benefit of the filing date of an earlier application 

3 under § 120 (and related statutes) where there is a chain of applications, there 

4 must be a chain of copending applications each of which satisfies the 

5 requirements of § 1 12, first paragraph, for the claimed subject matter. ]nre 

6 Hoqan, 559 F.2d 595, 609, 194 USPQ 527, 540 (CCPA 1977). Thus, to the 

7 extent that a continuation-in-part application adds new matter, claims that are 

8 dependent upon the new matter are only entitled to the filing date of the 

9 continuation-in-part application and not that of the parent application. 

10 Ni's '568 patent issued from a continuation-in-part application (the '009 

1 1 application) of parent application 09/042,583 (FFs 120 and 121) which claimed 

12 § 1 19(e) benefit of two provisional applications, 60/054,021 and 60/040,846 (FF 

13 122). Thus, in order for Ni's *568 patent to qualify as prior art § 102(e)(2) as of 

14 the 17 March 1997 filing date of its '846 application, Ni must show (1) that the 

1 5 subject matter claimed in the '568 patent was disclosed in the '583 parent 

16 application and in the '846 provisional application and (2) that the subject matter 

17 relied upon in the '846 provisional application was carried forward into the '583 

18 parent application and into the '568 patent. 

19 Ni fails to make either showing. 

20 125. The '568 patent claims isolated antibodies or fragments thereof that 

21 specifically bind to a protein "consisting of amino acid residues 1 to 133 

22 of SEQ ID NO:2" or to "the extracellular domain of the protein encoded 

23 by the cDNA contained in ATCC Deposit No. 97920," isolated cells and 
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1 hybridomas producing said antibodies/fragments, and methods of 

2 detecting DR5 using said antibodies/fragments (NX 2004, cc. 157-162). 

3 Ni has neither argued nor pointed out where the antibody-based subject 

4 matter claimed in the '568 patent is disclosed in the '583 parent application or in 

5 either the '021 or '846 provisional application. The '568 patent was based on a 

6 continuation-in-part application and, therefore, presumptively contains additional 

7 and/or different subject matter than the '583 parent application. Ni has neither 

8 argued nor pointed out where the subject matter of either provisional application 

9 relied upon was carried forward into the '583 parent application and into the '568 

10 patent. 

1 1 Ni simply asserts that the '568 patent issued from the '009 application which 

12 claimed priority as a continuation-in-part of the '583 application which claimed 

13 priority to the '021 and '846 provisional applications (Paper 31 , fl 2). According to 

14 Ni, the '846 application "contains the entire nucleic acid sequence and the 

15 polypeptide sequence encoded thereby of a human DR5 protein" (Paper 31, p. 9, 

16 If 1 (citations to SMF omitted)). The main focus of Ni's arguments is on 

17 disclosure in the '846 provisional application alleged to disclose the subject 

18 matter of Rauch's involved claims. There is little, if any, discussion of the claims 

19 of the '583 parent application and no argument or assertion that either the '583 or 

20 '846. application provides § 1 12, first paragraph, support for the claimed subject 

21 matter of the '568 patent. Thus, Ni has failed as matter of law to establish prima 

22 facie that its '568 patent is entitled to the filing date of the '583 parent application 

23 or either the '021 or '846 provisional application. Consequently, based on this 
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1 record, the '568 patent has only been shown to be entitled to a filing date of 4 

2 May 2000 for prior art purposes. 

3 Additionally, we do not see how the filing date of either the '021 or '846 

4 provisional applications can be accorded to the '568 patent as its § 102(e) filing 

5 date. First, provisional applications were established to place domestic 

6 applicants on equal footing with foreign applicants with respect to rights of 

7 priority. 35 U.S.C. § 119(e). Section 102(e) of title 35 provides, in relevant part, 

8 that "A person shall be entitled to a patent unless ... (e) the invention was 

9 described in ... (2) a patent granted on an application for patent by another filed 

10 in the United States before the invention by the applicant for patent Here, the 

1 1 reference being relied upon to show unpatentability under § 102(e) is the '568 

12 patent, not the '021 or '846 provisional application. Second, in reaching its 

1 3 conclusion in Wertheim 14 that a subsequent application is permitted to relate 

14 back to the filing date of a prior application disclosing the same invention if the 

15 subsequent application is for an invention disclosed in the manner provided by 

16 the first paragraph of 35 U.S.C. § 112, the CCPA stated: 



14 In Wertheim . the examiner made a 35 U.S.C. § 103 rejection over a U.S. patent to Pfluger. 
The Pfluger patent (Pfluger IV) was the child of a string of abandoned parent applications (Pfluger 
I, the first application, Pfluger II and III, both continuations-in-part). Pfluger IV was a continuation 
of Pfluger III. The court characterized the contents of the applications as follows: Pfluger I - 
subject matter A; Pfluger II - subject matter AB; Pfluger III, subject matter ABC; and, Pfluger IV - 
subject matter ABC. ABC anticipated the claims of the application being examined, but the filing 
date of Pfluger III was later than the application filing date. The Examiner reached back to 
subject matter A in Pfluger I and combined this disclosure with another reference to establish 
obviousness under § 103. The court held that the Examiner impermissibly carried over subject 
matter A and should have instead determined which of the parent applications contained the 
subject matter which made Pfluger patentable. Only if subject matter B and C were not claimed, 
or at least not critical to the patentability of Pfluger IV could Pfluger IV rely on the filing date of 
Pfluger I. The court determined that Pfluger IV was only entitled to the filing date of Pfluger III 
and reversed the rejection, noting that the added new matter C was critical to the claims of the 
issued patent. 
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1 The dictum in Lund, supra, that 

2 * * * the continuation-in-part application is 

3 entitled to the filing date of the parent 

4 application as to all subject matter carried over 

5 into it from the parent application * * * for 

6 purposes of * * * utilizing the patent disclosure 

7 as evidence to defeat another's right to a 

8 patent * * * [emphasis in the original] 

9 is hereby modified to further include the requirement 

10 that the application, the filing date of which is needed 

11 to make a rejection must disclose, pursuant to 

12 §§ 120/112, the invention claimed in the reference 

13 patent. Where continuation-in-part applications are 

14 involved, the logic of the Milburn holding as to secret 

15 prior art would otherwise be inapplicable. Without the 

16 presence of a patentable invention, no patent could 

1 7 issue "but for the delays of the PTO. 

18 Wertheim, 646 F.2d at 539, 209 USPQ at 565-66. Here, Ni has not shown that 

1 9 the subject matter claimed in the '568 patent could have issued earlier "but for 

20 the delays" of the PTO and, therefore, the '568 patent was entitled, as a matter of 

21 law, to the filing of either provisional application as its § 102(e) filing date. No 

22 U.S. patent can issue from a provisional application filed under § 1 1 1(b). 

23 Therefore, any time a provisional application is pending is not a delay that can be 

24 attributed to the PTO under the Milburn delay theory. Again, Ni has failed as 

25 matter of law to establish prima facie that its '568 patent is entitled to the filing 

26 date of either the '021 or '846 provisional application. 

27 Rauch, on the other hand, appears to have confused benefit accorded for 

28 purpose of priority in an interference contest with benefit accorded under § 120 

29 (see e.g., Paper 54, p. 17). Nonetheless, Rauch has provided detailed claim 

30 charts said to show where the claimed subject matter of Rauch's involved '358 

31 patent is supported by each of its asserted priority applications (Paper 54, 
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1 Appendices D through H). For example, Rauch asserts that Appendix H (Paper 

2 54, pp. 143-166) describes where the '036 parent application, said to be a 

3 divisional of the application from which Rauch's involved '358 patent issued (FFs 

4 1 22 and 1 23), provides support for each claim of Rauch's involved '358 patent on 

5 a claim-by-claim basis. Based on the evidence submitted, Rauch has prima facie 

6 established that its involved claims are at least entitled to benefit of the 26 June 

7 1 997 filing date of its '036 parent application. Ni does not dispute Rauch's claim 

8 to benefit of the filing date of the '036 application (Paper 31 , p. 8, U 1 and p. 1 1 , 1f 

9 3). 

1 0 In summary, since the '568 patent has only been shown to be entitled to a 

1 1 filing date of 4 May 2000 for prior art purposes and Rauch's involved claims have 

1 2 been shown to be entitled to a filing date of at least 26 June 1 997, the '568 patent 

1 3 does not qualify as prior art vis-a-vis Rauch's involved claims under § 1 02(e). It 

14 is not necessary to consider whether Rauch's involved claims are entitled to one 

1 5 or more of the filing dates of Rauch's still earlier filed '852, '536, '255 or '861 

16 application. Moreover, since the '568 patent has not been shown to be prior art 

1 7 under § 1 02(e), it is not necessary for us to consider the content of the '568 

18 patent. 

19 Based on the foregoing, Ni substantive motion 3 is denied. 

20 X. Rauch Miscellaneous Motion 5 

21 Pursuant to 37 CFR § 41 .155(c), Rauch seeks to exclude selected 

22 portions of the direct testimony of Dr. Reed that reference a person of ordinary 

23 skill in the art from evidence (NX 2103, 16, 19, 21-28, 30-43, 45-48, 50-52, 56 
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1 and 63-64), contending that his definition of ordinary skill "is so broad that it fails 

2 to limit 'one of ordinary skill in the art' to any substantive or realistic meaning of 

3 such person" (Paper 76, p. 5, fl 2). Thus, Rauch argues, any statement by Dr. 

4 Reed regarding what one of ordinary skill in the art would have known or 

5 understood in 1997 is irrelevant, lacking foundation, prejudicial and confusing 

6 (Paper 76, p. 6, H 1 ). Rauch further seeks to exclude selected portions of the 

7 redirect testimony of Dr. Reed from evidence as improper redirect, leading and 

8 prejudicial (NX 2123, p. 169, II. 2-21 and p. 172, 1. 16 - p. 173, 1. 13) (Paper 76, p. 

9 9, U 2; pp. 1 1-1 2). Finally, Rauch seeks to exclude selected portions of the direct 

1 0 testimony of Dr. Andrew Badley (NX 2157, 26-27, 31 -32 and 34-38), also 

1 1 contending that Dr. Badley's definition of a "person of ordinary skill in the art" is 

1 2 so flawed that any statement by Dr. Badley regarding what one of ordinary skill in 

1 3 the art would have known or understood in 1 997 is irrelevant, lacking foundation, 

14 prejudicial and confusing (Paper 76, p. 13, If 2 and p. 15, 1). Rauch further 

1 5 contends that Dr. Badley lacks sufficient expertise on the subject matter of his 

16 testimony (Paper 76, p. 16, 2). 

17 126 - Rauch timely filed its objections to the evidence sought to be 

18 excluded (RXs 1094 and 1095; NX 2123, p. 161; p. 166, 1. 2; p. 169, II. 10 

19 and 16; p. 172, 1. 20; p. 173, II. 7-8). 

20 Rauch identifies the objected to testimony of Dr. Reed as submitted in 

21 support of Ni substantive motion 2, Ni reply 2, Ni reply 3 and Ni opposition 3 to 

22 Rauch substantive motion 3 (Paper 76, Appendix D). First, Rauch's arguments 

23 go to the weight to be accorded Dr. Reed's testimony based on the 
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1 reasonableness of his conclusions as assessed by one of ordinary skill in the art 

2 in view of the state of the art at the relevant time, not to its admissibility. Second, 

3 having considered the testimony of both Dr. Reed and Dr. Cheng, we credited 

4 the testimony of the latter over that of the former as discussed in our denial of the 

5 relevant portion of Ni substantive motions 2 and 3 and in our grant of the relevant 

6 portion of Rauch substantive motion 3. Therefore, Rauch substantive motion 5 is 

7 dismissed as moot to the extent it seeks to exclude selected portions of the direct 

8 and redirect testimony of Dr. Reed since we have not relied upon either the direct 

9 or redirect testimony of Dr. Reed to Rauch's detriment. 

1 0 Rauch identifies the objected to testimony of Dr. Badley as submitted in 

1 1 support of Ni opposition 1 to Rauch substantive motion 1 , Ni opposition 3 to 

12 Rauch substantive motion 3, Ni opposition 4 to Rauch substantive motion 4 and 

13 Ni reply 3. Again, Rauch's arguments go to the weight to be accorded Dr. 

14 Badley's testimony based on the reasonableness of his conclusions as assessed 

1 5 by one of ordinary skill in the art in view of the state of the art at the relevant time, 

16 not to its admissibility. Since Rauch substantive motion 4 was dismissed as 

17 moot, we did not reach Ni opposition 4 thereto. Furthermore, since Ni did not 

1 8 meet its burden of proof as discussed in our denial of Ni substantive motion 3, we 

19 did not reach Ni reply 3. Similarly, as discussed in our denial of the relevant 

20 portions of Rauch substantive motions 1 and 3, since Rauch did not meet its 

21 burden of proof as movant, we did not reach Ni oppositions 1 and 3 thereto. 

22 Likewise, as discussed in our granting of the relevant portions of Rauch 
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1 substantive motions 1 and 3, we credited the testimony of Dr. Cheng and did not 

2 rely upon the direct testimony of Dr. Badley to Rauch's detriment. 

3 Based on the foregoing, Rauch substantive motion 5 is dismissed as 

4 moot since we have not relied upon any of the objected to testimony sought to be 

5 excluded to Rauch's detriment 

6 XI. Ni Miscellaneous Motion 4 

7 Pursuant to 37 CFR § 1.155(c), Ni seeks to exclude from evidence: 

8 (a) exhibits related to Rauch's priority statements in (i) related interference 

9 105,240 (RX 1074), (ii) this interference (RX 1025, RX 1038, RX 1052 and RX 

10 1054) 15 and (iii) related interference 105,380 (RX 1051); 

1 1 (b) direct (RX 1074) and deposition (NX 2179-2181) testimony of Dr. Gavin 

12 R. Screanton in related interference 105,240; 

13 (c) direct testimony of Norman Boiani (RX 1075); and, 

14 (d) selected portions of the redirect testimony of Dr. Cheng (NX 2124, p. 

15 132, 1. 16 - p. 135 J. 5 and p. 135, I. 9 - p. 136, 1. 13) (Paper 86, pp. 1-2). Rauch 

16 opposes (Paper 80); Ni replies (Paper 88). 

17 Ni contends (Paper 86, pp. 22-23) that 

18 RX 1025, RX 1038, RX 1051, RX 1052 and RX 1054 

19 should be excluded under FRE 901 for lack of 

20 authentication and lack of foundation. In addition, 

21 these exhibits should be excluded under FRE 1001 

22 (4), 1002, and 1003, inter alia, because none of these 

23 exhibits appear to be originals nor admissible 

24 duplicates of the originals. Furthermore, these 

25 exhibits should be excluded under FRE 403, inter alia, 

26 because its [sic] probative value, if any, is outweighed 



15 Exhibits RX 1025 and RX 1038 are also relied upon in Rauch's priority statement in related 
interference 105,240. 
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1 by considerations of waste of time, lack of 

2 authentication and the reliability of the copies. 

3 Furthermore, RX 1074, the declaration of Dr. 

4 Gavin R. Screaton, should be excluded under FRE 

5 403 because its probative value, if any, is far 

6 outweighed by confusion of the issues. In addition, 

7 RX 1 074 should be excluded under 37 C. F. R. 

8 § 41.122(b) because the declaration does not 

9 respond to arguments raised in an opposition but 

10 merely is an attempt by Rauch to make additional 

1 1 arguments in a reply that should have been raised in 

12 amotion. Furthermore, contingent upon the Board 

13 excluding RX 1074, Party Ni moves to exclude NX 

14 2179, NX 2180 and NX 2181 for being irrelevant 

15 under FRE 401 and confusing the issues under FRE 

16 403. 

17 in addition, Party Ni moves to exclude RX 

18 1075, the Declaration of Norman Boiani, under FRE 

19 1002 because Exhibit A appears to be a photocopy, 

20 not an original, of a laboratory notebook page. 

21 Furthermore, Party Ni moves to exclude RX 1075 

22 under FRE 403 because Exhibit A of RX 1075 is 

23 taken out of context of the rest of the laboratory 

24 notebook. Party Ni's inability to determine the context 

25 of Exhibit A is unfairly prejudicial and this prejudice far 

26 outweighs any probative value of RX 1 075. 

27 Lastly, the above-cited portions of NX 2124 

28 should be excluded under FRE 61 1(c), FRE 403, and 

29 Cross Examination Guideline [3] of the Standing 
3° Order. The leading questions asked by Rauch's 

31 counsel clearly suggested single answers to the 

32 witness which resulted in the interjection of the 

33 opinions of counsel for Rauch in place of Dr. Cheng's 

34 opinions. Clearly the prejudicial effect of such 

35 testimony far outweighs its probative value, and the 

36 above-cited evidence should be excluded or, at most, 

37 accorded little weight by the Board. 

38 Ni's motion has serious procedural defects. Rule 155(c) provides that a 

39 motion to exclude evidence must explain the objections and identify the 

40 objections in the record. As explained in Standing Order U 21 .3(a) a motion to 
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1 exclude evidence shall (1) identify where in the record the objection was 

2 originally made and (2) identify where in the record the evidence was relied upon 

3 by the opponent, and (3) address objections to exhibits (in whole or in part) in 

4 exhibit numerical order. According to Standing Order § 21 .1 , the objection to the 

5 admissibility of evidence should be filed as part of a motion to exclude the 

6 evidence. 

7 First, Ni contends that it timely objected to exhibits RX 1025, RX 1038, RX 

8 1051, RX 1052 and RX 1054 as shown in exhibits NX 2194 and NX 2195, filed in 

9 support of its motion. 



10 127. Ni exhibits NX 21 94 and NX 21 95 are "REDACTED" papers entitled 

1 1 "NI OBJECTIONS TO THE ADMISSIBITY OF RAUCH'S SUPPLEMENT 

12 EXHIBIT 1054 AND RAUCH'S RESPONSES TO NI'S OBJECTIONS TO 

13 EXHIBITS AND 1050-1052" and "NI OBJECTIONS TO THE 

14 ADMISSIBLITY OF RAUCH EXHIBITS 1050, 1051 AND 1052," 

15 respectively. 

1 6 128. Ni has not provided evidence that it timely objected to exhibits RX 

17 1025 and RX 1038. 

18 129. Ni has not identified where in the record exhibits RX 1 025, RX 

19 1038, RX 1051, RX 1052, RX 1054 and RX 1075 were relied upon by 

20 Rauch. 

21 130. According to Ni, RX 1074 and NX 2124 were relied upon in Rauch 

22 replies 1 , 3 and 4 (Paper 86, p. 6, H 3 and p. 7, U 1). 
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1 131. Rauch's exhibit list (Paper 93, p. 7) identifies exhibit RX 1051 as a 

2 document upon which Rauch will rely to prove its earliest corroborated 

3 conception of the subject matter of the count in related interference 

4 105.380 . 

5 132. Similarly, Rauch's exhibit list (Paper 93, p. 10) identifies exhibit RX 

6 1074 as the declaration of Dr. Gavin R, Screanton filed in related 

7 interference 105,240 . 

8 Thus, the deposition testimony of Dr. Screaton (NX 2179-2181) is part of 

9 related interference 105,240 . not this interference. Indeed, Ni's motion to 

10 exclude NX 2179-2181 is expressly contingent upon the Board excluding Dr. 

1 1 Screaton's direct testimony (RX 1074) (Paper 86, p. 22). 

12 133. Ni admits that Rauch has not relied on any testimony from Norman 

13 Boiani to date in this interference (Paper 86, p. 6, U 4). 

14 Thus, Ni has failed to object timely to evidence it seeks to exclude (RX 1025 

15 and RX 1038). Furthermore, Ni is seeking to exclude evidence which is either 

16 not of record in this interference (RX 1051, RX 1074, NX 2179-2181 and RX 

17 1075 16 ) and/or has not been relied upon by Rauch in this interference (RX 1075). 

18 Therefore, Ni miscellaneous motion 4 to exclude evidence is denied as to 

19 exhibits RX 1025, RX 1038, RX 1051, RX 1074, NX 2179-2181 and RX 1075. 

20 134. Exhibits RX 1025, RX 1038, RX 1052 and RX 1054 are identified 

21 as documents said to prove Rauch's earliest corroborated date of 



16 Rauch's Exhibit List explicitly states that exhibit RX 1075 is "WITHHELD" in this interference 
(Paper 93, p. 10, original emphasis). 
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1 conception of the subject matter of the count in this interference (Paper 

2 93, pp. 4, 5 and 7). 

3 According to 37 CFR § 41 .204(a)(2)(iv), a party filing a priority statement 

4 must "[p]rovide a copy of the earliest document upon which the party will rely to 

5 show conception." Exhibits RX 1025, RX 1038, RX 1052 and RX 1054 were 

6 served by Rauch in fulfillment of the requirement (FF 1 33). Ni does not contend 

7 that Rauch has relied on any of exhibits RX 1025, RX 1 038, RX 1052 and RX 

8 1054 in support of any of Rauch's motion/opposition/reply papers. The time for 

9 Rauch to lay a foundation for and authenticate its exhibits RX 1025, RX 1038, RX 

10 1052 and RX 1054 is when Rauch relies upon them, i.e., as part of its priority 

1 1 motion. The time for us to weigh the reliability and probative value of exhibits RX 

12 1025, RX 1038, RX 1052 and RX 1054 is when they are submitted as evidence 

1 3 as part of Rauch's priority motion when the priority motion is filed. Therefore, Ni 

14 miscellaneous motion 4 to exclude evidence is denied as to exhibits RX 1025, 

15 RX 1 038, RX 1 052 and RX 1 054. 

16 As to the last evidence at issue, selected portions of the deposition 

17 testimony of Dr. Cheng (NX 2124, p. 132,1. 16 -p. 135, 1. 5 and p. 135, 1. 9 -p. 

18 136, 1. 13), Ni contends that Rauch relied on the deposition testimony of Dr. 

19 Cheng in Rauch replies 1, 3 and 4 (Paper 86, p. 7, U 1). 

20 135. Ni explicitly directs our attention (Paper 86, pp. 17-18) to the 

21 following testimony as an example of how the redirect testimony of Dr. 

22 Cheng violates FRE 61 1 (c), FRE 403 and Cross Examination Guideline 

23 [3]: 
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1 MR. WISE: Okay. Back on the record. 

2 Q. | want to have you focus on paragraph 10. 

3 Paragraph 1 0 you said, "The specification of the '861 

4 application also contains additional substantial 

5 disclosure regarding antibodies to TRAIL-R, including 

6 methods for obtaining these antibodies and methods 

7 of obtaining antigen binding fragments of these 

8 antibodies." 

9 And it says "'861 application, page 13, line 14 to paqe 

10 15, line 6." 

1 1 Where in the specification of the '861 application 

12 would you find additional substantial disclosure 

13 relating to the antibodies for TRAIL-R? 

14 A. You mean where I can find the information? 

15 Q. Yes. 

16 A. That's indicated here is the page 13 and the line 

17 14 to 15, line 14 through page 15 of line 6. 

18 Q Okay. Can you direct me to that, please. 

19 A. Where is the 

20 Q- You have that there. You were looking at the 

2 1 _ claims and you were going to show me support and 

22 specification. 

23 MR. GOLDSTEIN: Objection. 

24 THE WITNESS: So it's indeed in the page is 13, 

25 there is a title, "Antibodies" section, and talking about 

26 how antibody generated, including the monoclonal 

27 and polyclone antibodies. 

28 MR. GOLDSTEIN: I am going to move to strike the 

2 9 question and the answer. 

30 First, since Rauch responsive motion 4 was dismissed as moot, we did not 

31 reach Rauch reply 4. Second, Ni did not explain where and how Rauch relied 



32 



upon the objected to portions of Dr. Cheng's redirect testimony in Rauch replies 1 
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1 and 3 to support its position. For example, how did Rauch rely upon this 

2 allegedly elicited testimony to support it motion 1 for benefit of the filing date of 

3 an earlier application for the subject matter of a count directed to a genus of 

4 functional proteins, i.e., purified TRAIL-R polypeptides having an amino acid 

5 sequence that is at least 90% identical to SEQ ID NO:2 of Rauch's involved '358 

6 patent, wherein the polypeptides bind TRAIL. Third, to the extent Ni argues that 

7 the objected to portions of Dr. Cheng's redirect testimony are irrelevant, 

8 confusing or prejudicial, that objection goes to the weight to be accorded the 

9 testimony, not its admissibility. We have accorded Dr. Cheng's testimony the 

1 0 weight appropriate to its relevance and the underlying facts and data relied upon 

1 1 in support of his opinion. Ni has not shown otherwise. Therefore, Ni 

1 2 miscellaneous motion 4 to exclude evidence is denied as to the selected 

1 3 portions of the redirect deposition testimony of Dr. Cheng (NX 21 24, p. 1 32, 1. 1 6 

14 - p. 135, I. 5 and p. 135, 1. 9 - p. 136, I. 13). 

15 Based on the foregoing, Ni miscellaneous motion 5 is denied. 

16 XII. Order 

1 7 Based on the foregoing and for the reasons given, it is 

1 8 ORDERED that Ni substantive motion 1 to substitute Ni proposed count 2 

1 9 for current Count 1 is denied; 

20 FURTHER ORDERED that Ni substantive motion 2 for benefit for the 

21 purpose of priority is dismissed as moot as to Ni proposed count 2, granted as 

22 to the 29 July 1997 filing date of the 60/054,021 application for Count 1 and 

23 otherwise denied; 
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1 FURTHER ORDERED that Ni substantive motion 3 seeking judgment that 

2 all Rauch's involved claims are unpatentable under 35 U.S.C. § 102(e) as 

3 anticipated by U.S. Patent 6,872,568 is denied; 

4 FURTHER ORDERED that Ni miscellaneous motion 4 to exclude certain 

5 evidence is denied; 

6 FURTHER ORDERED that Rauch substantive motion 1 for benefit for the 

7 purpose of priority as to Count 1 is granted as to the 28 March 1997 and 4 June 

8 1 997 filing dates of applications 08/829,536 and 08/869,852, respectively, and 

9 otherwise denied; 

10 FURTHER ORDERED that Rauch substantive motion 2 to designate Ni 

1 1 claims 46, 55, 63, 64, 1 10 and 1 18 as corresponding to Count 1 is denied; 

12 FURTHER ORDERED that Rauch substantive motion 3 is granted to the 

13 extent that Ni claims 35, 36, 38-45, 47-54, 56-61, 75, 83, 92, 99, 100, 102-109, 

14 111-116, 127-133, 168-178 and 180-203 are unpatentable under 35 U.S.C. 

15 § 1 02(e) as anticipated by U.S. Patent 6,072,047, moot as to anticipation under 

16 § 102(e) by U.S. Patents 6,642,358 and 6,569,642, and otherwise denied; 

1 7 FURTHER ORDERED that Rauch responsive motion 4 is dismissed as 

1 8 moot in view of the denial of Ni substantive motion 1 ; and, 

19 FURTHER ORDERED that Rauch miscellaneous motion 5 to exclude 

20 certain evidence is dismissed as moot. 
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860 Sequence Analysis 



Sequences of nucleic acids in DNA and RNA and of amino acids in 
proteins define the primary structure of these molecules. Sequence 
analysis is carried out using computer programs thai implement 
algorithms to determine sequence properties and to compare se- 
quences. Sequence comparison can indicate whether an RNA or 
protein molecule or region of DNA is already known (identity) or 
has some degree of similarity to a known sequence. Sequence 
similarity may indicate similar structure or function. Sequence 
analysis can suggest the function of an unknown sequence based 
on the features it contains. Sequence analysis is a necessary prelimi- 
nary to detailed experimental studies of structure, function, and 
interactions of biological macromolecules. Sequences are the infor- 
mation repository of the cell and a natural index to our growing 
understanding of cellular processes as dynamic systems of interac- 
tions between macromolecules. 

1 PURPOSE OF SEQUENCE ANALYSIS 

1 . 1 Prediction of Fun<ttion 

Sequences that are unlike any known sequence may still be made 
to yield information that can suggest their possible function. The 
function of nucleic acids and proteins depends on their structure 
and involves complex interactions in three dimensions. It is not 
presently understood whether it is possible, in general, to derive 
structure from sequence. Sequence alone is therefore often inade- 
quate to determine function. Predictions made from sequence analy- 
sis need to be experimentally tested. Nevertheless, computer an- 
alysis of sequences is valuable in suggesting the most useful 
experiments to perform. 

1.2 Revealing Similarity 

The first thing to do with a newly determined sequence is to 
compare it with all known sequences. The outcome may show 
identity to a known sequence, which may prove disappointing if 
one is hoping for something new. Similarity to a known sequence 
may suggest something new that can be characterized with rela- 
tively little effort. A totally unknown sequence may be a frustrating 
result: considerable effort will be needed to understand its function. 

Sequence comparison is a nontrivial pursuit, and both statistical 
and biological considerations are involved. Statistically significant 
similarities (under some model and at some chosen level of signifi- 
cance) may be biologically meaningless. Sequence motifs that are 
statistically nonsignificant in similarity may encode the same func- 
tion (this is likely to occur because the statistical model based 
on sequence alone is incomplete). In an area fraught with such 
difficulties, common sense and interpretation based on utility are 
paramount. 

Sequence dissimilarity can range from identity, difference due 
to sequencing errors, difference due to population polymorphism 
(individual variants), and differences in multiple copies of a gene 
in a single individual (multigene families) to wide evolutionary 
divergence of genes in different organisms. Sequences that are 
similar due to common function may not share a common ancestral 
sequence in biological evolution. In general, ideas about the evolu- 
tionary relationships of sequences are not experimentally testable. 
Sequence homology (similarity due to descent from a common 
ancestor) is a hypothesis, not an observable fact, except in the 
case of microbial populations with high mutation rates and short 



generation times, which may be studied experimentally throu b 

2 ANALYSIS OF SINGLE SEQUENCES 

2.1 DNA Composition, Isochores, and Codon Usage 

Nucleotides in DNA sequences may be counted as single^ do 
blets, or triplets in either strand. Doublets or triplets may be counted 
as overlapping or nonoverlapping in two or three phases, respec 
lively, on either strand. The genomes of various organisms vary 
considerably in their DNA composition. Warm-blooded vertebrate 
have a higher G+C content, which correlates with the higher thermal 
stability of GC over AT base pairs. Composition of regions within 
a genome can also vary considerably. Mammalian genomes contain 
relatively GC-rich and AT-rich regions, which are called isochores 
Overlapping doublet frequencies are highly characteristic for an 
organism. CG dinucleotides are less common than expected in 
vertebrates and angiosperms, probably because spontaneous deami- 
nation of 5-methylcyiosine to thymine prevents the repair of meth- 
ylated CpG. In DNA coding for protein, one phase of nonoverlap- 
ping triplets will be the phase of translation and the triplets will 
be codons. In a gene, the possible codons for each amino acid are 
unevenly used, and the frequency table for the 64 triplets is called 
codon usage. Codon usage is different between different species 
and between highly and lowly expressed gene in the same species. 

2.2 Mapping DNA Sequence Features 

Mapping the position of features on a DNA sequence is an important 
step in investigating its function. It is easy to map sites that can 
be precisely defined, such as stop codons or restriction enzyme 
recognition sites. Once DNA has been sequenced, the sizes of the 
fragments produced with any enzyme can be readily calculated. 
Features such as promoters, splice junctions, and ribosome binding 
sites are very difficult to predict because they are hard to specify. 
Mapping is most simply achieved by comparing the probe sequence 
with each position of the DNA sequence in turn and noting the 
hits. More sophisticated algorithms exist for rapid searching in 
large problems. 

2.3 Repetitive Sequences 

Direct repeats and inverted repeats (sometimes called dyad symme- 
tries) are common in DNA from many sources. Mammalian ge- 
nomes contain families of long (LINE) and short (SINE) repeats. 
Repeats of LI {Kpn I) type arc 5000 to 7000 bp long and are 
present in the genome in 10' to 10 4 copies. Repeats of Alu type 
arc 350 bp long and occur in as many as 9 X 10 4 copies. Alu 
repeats make human DNA hard to assemble from gel sequencing 
reads into the finished sequence. Inverted repeats occur in DNA 
coding for structural RNA, and these symmetry properties enable 
the RNA to fold into its secondary structure. 

The dot plot is a diagram that reveals the presence of repeats 
and inverted repeats in sequences. It is also useful for comparing 
two different nucleic acid or protein sequences to detect regions 
of similarity. The dot plot is a rectangular array with rows labeled 
by one sequence and columns labeled by the other. A cell L / can 
be used to represent the result of comparison of the ;th residue of 
sequence A with the ith residue of sequence B. The simplest form 
of dot plot results from placing a diagonal mark in each cell where 



Molecular Cell Biology 



SECOND EDITION 



SCIENTlfK - tCHNlCAL 
iNFnoiiATjnM CPWn=R 

FEB 0 6 Wfc 
PATENTS mADEMARKOFFICE 




JAMES DARNELL 

Vincent Astor Professor 
Rockefeller University 

A 

HARVEY LODISH 

Member of the Whitehead Institute for 
Biomedical Research 
Professor of Biology, Massachusetts 
Institute of Technology 

A 

DAVID BALTIMORE 

President 
Rockefeller University 



SCIENTIFIC 
AMERICAN 

BOOKS 

Distributed by W. H. Freeman and Company, New York 



Cover illustration by Tomo Narashima 



Library of Congress Cataloging-in-Publicadon Data 

Darnell, James E. 
Molecular cell biology / James Darnell, Harvey Lodish, David 
Baltimore.— 2d ed 
p. cm. 

Includes bibliographical references. 

ISBN 0-7167498l-9:~ISBN 0-7167-2078-7 
(international student ed.): 

1. Cytology 2. Molecular biology. I. Lodish, Harvey F. 
II. Baltimore, David. HI. Title. 

QH58h2?D37 * M ° lcCuUr Biology ' Q H 58U D223m ) 

574.87 ; 6042— dc20 

for Library of Congress ^ ^OP 

Copyright © 1990 by Sdcnrific American Books, Inc. 

No pan of this book may be reproduced by any mechanical 
photographic, or electronic process, or in the form of a 
phonographic recording, nor may it be stored in a retrieval system 
transmitted, or otherwise copied for public or private use, without 
the written permission of the publisher. 

Printed in the United States of America 

Sdemific American Boob is a subsidiary of Sdentific American, Inc. 
Distributed by W H. Freeman and Company, 41 Madison Avenue, 
New York, New York 10010 and 20 Beaumont Street 
Oxford OX1 2NQ England 



567890 KP 99S76543 



44 CHAPTER 2 * MOLECULES IN CELLS 



ent amino acids in proteins. Thus a 100-unit protein has 
20 100 (more than 10 130 ) possible. structures. This enor- 
mous variability means that cells and organisms can dif- 
fer greatly in structure and function even though they are 
constructed of the same types of biopolymers produced 
by similar chemical reactions. 

Starch (a storage form of glucose in plant cells), cellu- 
lose (a constituent of plant cell walls), and glycogen (a 
storage form of glucose in liver and muscle cells) are ex- 
amples of another important type of biopolymer: the poly- 
saccharide, which is built of sugar monomers (Figure 
2-1). At least IS different monomeric sugars can be 
bonded in multiple ways to form various polysaccha- 
rides; thus many polysaccharides are nonlinear, branched 
molecules. 

Monomers arc not the only small molecules important 
to cell structure. The lipids, for example, form the basic 
structure of cell membranes. Lipids cohere noncovalently 
in very large sheetlike complexes; the membranes thus 
formed are as crucial to living systems as are the 
biopolymers. 

This chapter deals with the structures and some func- 
tions of biopolymers and small molecules; later chapters 
describe how the polymers are made and consider many 
of their other functions and interactions. A 



Proteins 

Proteins are the working molecules of the cell. They cata- 
lyze an extraordinary range of chemical reactions, pro- 
vide structural rigidity, control membrane permeability, 
regulate the concentrations of metabolites, recognize and 
noncovalently bind other biomolecules, cause motion, 
and control gene function. These incredibly diverse tasks 
are performed by molecules constructed from only 20 dif- 
ferent amino acids. 
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▲ Figure 2-1 (a) Proteins, linear biopolymers called poly- 
peptides, are formed from monomeric subunics termed amino 
acids. Each of the 20 different amino acids has a different R 
group, or side chain. Thus the polypeptide shown here, 
which is constructed of four amino acids, has 20 4 , or 
160,000, possible sffuctures. (b) Nucleic acids, also linear 
biopolymers, are formed from four monomers termed nucleo- 
tides, each of which has a different nitrogen-containing base 
structure (B). The nucleic acid shown here has 4 4 , or 256, 
possible structures, (c) Polysaccharides are built of mono- 
meric saccharide (sugar) subunits. Because sugar residues can 
bind to one another at different positions, nonlinear branch- 
ing polymers are often formed. The rings in (b) and (c) are 
depicted as Haworth projections (planar structures with a 
hint of perspective). 



Amino Acids — the Building Blocks of 
Proteins— Differ Only in Their 
Side Chains 

The monomers that make up proteins are called amino 
acids because, with one exception, each contains an 
amino group ( — NH 2 ) and an acidic carboxyl group 
( — COOH). The exception, proline, has an imino group 
( — NH— ) instead of an amino group. At typical pH val- 
ues in cells, the amino and carboxyl groups arc ionized as 
— NH 3 + and — COO". All amino acids are constructed 
according to a basic design: a central carbon atom, called 
the or carbon Q, (because it is adjacent to the acidic car- 
boxyl group), is bonded to an amino (or imino) group, to 
the carboxyl group, to a hydrogen atom, and to one vari- 
able group, called a side chain or R group (Figure 2-2). 
The side chains give the amino acids their individuality. 



The amino acids represent the alphabet in which linear 
proteins are "written"; any student of biology must be 
familiar with the special properties of each letter of this 
alphabet. These letters can be classified into a few distinct 
categories. 

The side chains of four of the amino acids are highly 
ionized and therefore charged at neutral pH. Arginine 
and lysine are positively charged; aspartic acid and glu- 
tamic acid are negatively charged and exist as asparate 
and glutamate. The side chain of a fifth amino acid, bisti- 
dine, is positively charged, but only weakly at neutral pH. 
In many cases, arginine may substitute for lysine, or as- 
partate for glutamate, with little effect on the structure or 
function of the protein. 

Serine and threonine, whose side chains have an —OH 
group, can interact strongly with water by forming hy- 
drogen bonds. The side chains of asparagine and gluta- 
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▼ Figure 2-2 The structures of the 20 common amino 
acids. In each structure, a central carbon atom (the a car- 
bon) is bonded to an amino group (or to an imino group in 
proline), a carboxyl group, a hydrogen atom, and an R 
group. The R groups are in red. 
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mine have polar amide groups with even more extensive 
hydrogen-bonding capacities. Together with the charged 
amino acids, these amino acids constitute the nine hydro- 
philic or polar amino acids. 

The side chains of several other amino acids— alanine, 
isoleucine, leucine, methionine, pbenyblanine, trypto- 
phan, and valine— consist only of hydrocarbons, except 
for the sulfur atom in methionine and the nitrogen atom 
in tryptophan. These nonpolar amino acids are hydro- 
phobic; their side chains are only slightly soluble in 
water. Tyrosine is also strongly hydrophobic because of 
its benzene ring, but its hydroxy I group allows it to inter- 
act with water, making its properties somewhat ambigu- 
ous. 



Cysteine plays a special role in proteins because its 
— SH group allows it to dimerize through an — S— S— 
bond to a second cysteine, thus covalcntly linking regions 
of polypeptide to one another. When the — SH remains 
free, cysteine is quite hydrophobic. 

Two other special amino acids are glycine and proline. 
Glycine has a hydrogen atom as its R group; thus it is the 
smallest amino acid and has no special hydrophobic or 
hydrophilic character. Proline, as an imino acid, is very 
rigid and creates a fixed kink in a polypeptide chain. It is 
quite hydrophobic. 

The structure of all amino acids except glycine are 
asymmetrically arranged around the a carbon, because it 
is bonded to four different atoms or groups of atoms 
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i-Aianine 



A Figure 2-3 Stereoisomers of the amino acid alanine. The 
a carbon is black. 



(— NH Z , -COOH, -H, and -R). Thus all amino acids 
except glycine can have one of two stereoisomers forms. 
By convention, these mirror-image structures are called 
the D and the L forms of the amino acid (Figure 2-3). 
They cannot be in reconverted without breaking a chemi- 
cal bond. With rare exceptions, only the L forms of amino 
acids arc found in proteins. 

Polypeptides Are Polymers Composed of 
Amino Acids Connected by Peptide Bonds 

The peptide bond, the chemical bond that connects two 
amino acids in a polymer, is formed between the amino 
group of One amino acid and the carboxy! group of an- 
other. This reaction, called condensation, liberates a 
water molecuJe: 




Peptide 
bond 



Because the carboxy! carbon and oxygen atoms are con- 
nected by a double bond, the peptide bond between car- 



bon and nitrogen exhibits a partial double-bond charac- 
ter, as shown by the resonance structures 

I ? I | T ♦ I 

making it shorter than the typical C— N single bond. The 
six atoms of the peptide group (the two carbons of the 
adjacent amino acids and the carbon, oxygen, nitrogen, 
and hydrogen atoms of the bond) lie in the same plane 
(Figure 2-4a). However, adjacent peptide groups are not 
necessarily coplanar, due to rotation about the C— C a 
and N— C* bonds (Figure 2-4b). 

A single linear array of amino acids connected by pep- 
tide bonds is called a polypeptide. If the polypeptide is 
short (fewer than 30 amino acids long), it may be called 
an oligopeptide or just a peptide. Polypeptides in living 
cells differ greatly in length; they generally contain be- 
tween 40 and 1000 amino acids. Each polypeptide has a 
free amino group at one end (the N- terminus) and a free 
carboxyl group at the other (the C-terminus): 




Ammo end CvboxyJ end 

(N-terminus) (C-tcrminus) 

A protein is not merely a linear string of amino acids. 
The polypeptide folds up to form a specific three-dimen- 
sional structure that can be a long rod, as in the fibrous 
proteins that give tissues their rigidity, or a compact ball 
called a globular protein, as in many proteins that cata- 
lyze chemical reactions (enzymes), or a combination of 
balls and rods. The polypeptide can be modified further 
by the covalent or noncovalent attachment of additional 
small molecules. 

A protein adopts a stable, folded conformation mainly 
through noncovalent (ionic, hydrogen, van der Waals, 
and hydrophobic) interactions. Its stability is also en- 
hanced by the formation of covalent disulfide bonds be- 
tween cysteines in different parts of the chain. Proteins 
may also consist of multiple polypeptide chains held to- 
gether by noncovalent forces and, in some cases, by disul- 
fide bonds. A well-characterized example is the hemoglo- 
bin molecule, which consists of four chains: two identical 
a chains and two identical /3 chains (Figure 2-5). 

Three-dimensional Protein Structure Is 
Determined through X-ray 
Crystallography 

The detailed three-dimensional structures of numerous 
proteins have been established by the painstaking efforts 
of many workers— notably, Max Perutz and John 
Kendrew, who perfected the x-ray crystallography of 
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proteins, in which beams of x-rays are passed through a 
crystal of protein. The wavelengths of x-rays are about 
0.1-0.2 nanometers (nm)- -short enough to resolve the 
atoms in the protein crystal The three-dimensional struc- 
ture of the protein can be deduced from the diffraction 
pattern of discrete spots that is produced when the scat- 
tered radiation is intercepted by photographic film. Such 
patterns are extremely complex; as many as 25,000 dif- 
fraction spots can be obtained from a small protein. Elab- 
orate calculations and modifications of the protein (such 
as binding of heavy metal) must be made to interpret the 
diffraction pattern and to solve the structure of the pro- 
tein. 

Recently, three-dimensional structures of some small 
proteins have been determined by nuclear magnetic reso- 
nance (nmr) methods. An advantage of this approach is 
that it avoids the need to crystallize the protein. A disad- 
vantage is that it is limited to relatively small proteins (up 
to about 20,000 molecular weight). 

The Structure of a Polypeptide Can Be 
Described at Four Levels 

The structures adopted by polypeptides can be divided 
into four levels of organization. Primary structure refers 
to the linear arrangement of amino acid residues along a 



< Figure 2-4 (a) Because the carbon-nitro- 
gen peptide bond has a partial double-bond 
character, the peptide group is planar, 
(b) However, there is considerable flexibility 
in the geometry of polypeptides: rotation is 
possible about the two covalcnt single bonds 
thar connect each a carbon to the two adja- 
cent planar pepride units. But some restric- 
tions do apply to the values of «/» and <j>. For 
example, if the pictured adjacent pepride 
groups were coplanar, then certain oxygen 
and hydrogen atoms would be separated by 
less than their van der Waals radii and 
would repel one another. 




Heme 
group 



▲ Figure 2-5 The conformations assumed by the two a 
and two 0 chains in a molecule of hemoglobin. Each chain 
forms several a helices (see Ftgure 2-6). Only the backbones 
formed by the carbon and nitrogen atoms of die chains arc 
shown here. A multitude of noncovalent interactions stabilize 
the conformations of the individual chains and the contacts 
between them. A heme group is bound to each chain. After 
R. £. Dickerson and L Qtis t 1969, The Structure and Action 
of Proteins, Benjamin-Cummings, p. S6. Copyright J 969 by 
Irving Gets. 
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polypeptide chain and to the locations of covalent bonds 
(mainly — S— S— bonds) between chains. Secondary 
structure pertains to the folding of parts of these chains 
into regular structures, such as a helices and p pleated 
sheets. Tertiary structure includes the folding of regions 
between a helices and /3 pleated sheets, as well as the 
combination of these secondary features into compact 
shapes (domains). Quaternary structure refers to the or- 
ganization of several polypeptide chains into a single pro- 
tein molecule, such as in hemoglobin. 

Two Regular Secondary Structures Are 
Particularly Important 

The a Helix Although some regions of proteins arc 
held in unique and irregular conformations, much protein 
structure involves repeated use of a limited number of 
regular configurations. One common structure, the 
a helix, was first described by Linus Pauling and 
Robert B. Corey in 1951. Through careful model build- 
ing, these scientists came to realize that polypeptide seg- 




ments composed of certain amino acids tend to arrange 
themselves in regular helical conformations. In an a helix, 
the carboxyl oxygen of each peptide bond is hydrogen- 
bonded to the hydrogen on the amino group of the fourth 
amino acid away (Figure 2-6), so that the helix has 3.6 
amino acids per turn. Each amino acid residue represents 
an advance of about 1.5 A along the axis of the helix. 
Every C=0 and N— H group in the peptide bonds par- 
ticipates in a hydrogen bond, and the rigid planariry of 
the peptide bonds contributes to the rigid shape of the 
helix. In this inflexible, stable arrangement of amino 
acids, the side chains are positioned along the outside of a 
cylinder. The hydrogen -bonding potential of the peptide 
bonds is entirely satisfied internally, so that the polar or 
nonpolar quality of the cylindrical surface is determined 
entirely by the side chains. At least some of the amino 
acids in most proteins are organized into a helices. 

Certain amino acid sequences adopt the a-helical con- 
formation more readily than others. What determines this 
propensity is complicated, but some simple factors are 
evident. For instance, proline is rarely found in a-helical 
regions because it cannot use its peptide nitrogen to make 
a hydrogen bond. Glycine also is an infrequent partici- 
pant. Another inhibiting factor can be the tendency of 
multiple identically charged residues to repel each other. 

The a helix is a rodlike element of protein structure 
that serves many functions. A globular protein can be 
made up of short a-helical rods connected by bends that 
allow the rods to interact with each other; hemoglobin, 
for instance, is 70 percent a helical (see Figure 2-5). Alter- 
natively, a single rod can span a long distance, as in the 
protein on the surface of the influenza virus (Figure 2-7a). 
Even in extended molecules, a,b,c the a helix is usually 
found packed against other elements of protein, not as an 
isolated structure. Long fibers, such as the skin protein 
keratin or the muscle protein myosin (Figure 2-7b), can 
be formed by two or three a helices that wrap gently 
around each other to form coiled coils. Small rods of 
a helix interact with DNA in some DNA-bmding proteins 
(Figure 2-7c). A helical rod bearing only hydrophobic 
side chains can span lipid membranes well because the 
hydrophilic peptide bonds are buried inside the helix. 

Many a helices arc amphipathic: they expose hydro- 
philic side chains on one face and hydrophobic side 
chains on another face. Looking down the central axis of 
an a helix (Figure 2-8a), the amino add residues are ar- 
ranged in a wheel; if the helix is amphipathic, most or all 

< Figure 2-6 Models of the a helix, (a) This ribbonlike 
representation without R groups emphasizes the helical form, 
(b) This ball-and-srick representation emphasizes the role of 
the individual atoms and shows the R groups (green) that 
protrude from the helix body at regular intervals. Some of 
the planes of the Q-CO-NH groups are shaded orange. 
Part (b) after L. Stryer, 1988, Biochemistry, 3d ed., W. H. 
Freeman and Company, p. 26. 
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valently bound prosthetic group. For example, staphylo- 
coccal nuclease— a bacterial enzyme of 149 residues that 
degrades DNA and RNA— is totally denatured in acid 
but renatures to its native conformation "within 0.1 s after 
the solution is neutralized. The three-dimensional archi- 
tecture of this protein is solely a consequence of interac- 
tions among its amino acids and with its aqueous envi- 
ronment. In such cases, the genetic program of the cell 
must only define the primary structure of the protein — 
the amino acid sequence— and the tertiary structure is 
assured. With care, most proteins can be carried through 
a denaturation-renaturation cycle. Thus it is generally 
true that linear structure determines three-dimensional 
architecture. 

The native form of some proteins is not the conforma- 
tion with the lowest free energy and consequently cannot 
be completely restored on renaturation. This is particu- 




▲ Figure 2-15 Dcnaturation and renaturation of a protein. 
Most polypeptides can be completely unfolded by treatment 
with an 8 M urea solution containing mercaptoethanol 
(HSCH2CH2OH). The urea breaks intramolecular hydrogen 
and hydrophobic bonds, and the mercaptoethanol reduces 
each disulfide bridge to two — SH groups. When these chem- 
icals are removed by dialysis, the — SH groups on the un- 
folded chain oxidize spontaneously to re- form disulfide 
bridges, and the polypeptide chain simultaneously refolds 
into its native configuration. 



larly true of multichain proteins. The two chains of insu- 
lin, for example, can be separated by a combination of 
reducing agents (to break the disulfide bridges) and con- 
centrated solutions of such chemicals as urea (to disrupt 
hydrogen and hydrophobic bonds). When the insulin re- 
natures in the presence of oxidizing agents that promote 
the formation of disulfide bridges, a number of stable 
multichain aggregates do form, but native insulin mole- 
cules make up only a minor proportion of them. In the 
others, the re-formed disulfide bridges connect inappro- 
priate parts of the chain. 

Insulin is formed by the partial proteolysis (breaking 
down) of proinsulin, its larger precursor (see Figure 
2-13). Denatured proinsulin, as opposed to the denatured 
two-chain form of insulin, can renature to form the native 
structure of proinsulin with a high efficiency. Presuma- 
bly, within the cell, either proinsulin or preproinsulin 
folds in such a way that the correct disulfide bridges form 
at the lowest free energy. The cell utilizes these intermedi- 
ate stages to form insulin, whose stable conformation is 
not the one of lowest free energy. 

Enzymes 

Protein catalysts called enzymes are mediators of the dy- 
namic events of life; almost every chemical reaction in a 
cell is catalyzed by an enzyme. Like other catalysts, en- 
zymes increase the rates of reactions that are already en- 
ergetically favorable; more precisely, enzymes increase 
the rates of forward and reverse reactions by the same 
factor. The name of an enzyme usually indicates its func- 
tion: the suffix -ase is commonly appended to the name of 
the type of molecule on which the enzyme acts. Thus pro- 
teases degrade proteins, phosphatases remove phosphate 
residues, and ribonuclease cleaves RNA molecules. 

The chemicals that undergo a change in a reaction cata- 
lyzed by an enzyme are the substrates of that enzyme. 
Because little free energy may be liberated in either direc- 
tion in reversible reactions, the distinction between chem- 
icals that are substrates and those that are products is 
often arbitrary. 

Most enzymes are found inside cells, but a number are 
secreted by cells and function in the blood, the digestive 
tract, or other extracellular spaces. In microbial species, 
some enzymes function outside the organism. The num- 
ber of different types of chemical reactions in any one cell 
is very large: an animal cell, for example, normally con- 
tains 1000-4000 different types of enzymes, each of 
which catalyzes a single chemical reaction or set of closely 
related reactions. Certain enzymes are found in the ma- 
jority of cells because they catalyze common cellular reac- 
tions—the synthesis of proteins, nucleic acids, and phos- 
pholipids and the conversion of glucose and oxygen into 
carbon dioxide and water, which produces most of the 
chemical energy used in animal cells. Other enzymes are 
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found only in a particular type of cell within an organism, 
such as a liver cell or a nerve cell, because they carry out 
some chemical reaction unique to. that cell. Also, many 
mature cells, including erythrocytes (red blood cells) and 
epidermal (skin) cells, may no longer be capable of mak- 
ing proteins or nucleic acids yet these cells still contain 
specific sets of enzymes that they synthesized at an earlier 
stage of differentiation. 

Certain Amino Acids in Enzymes Bind 
Substrates: Others Catalyze Reactions on 
the Bound Substrates 

Two striking properties characterize all enzymes: their 
enormous catalytic power and their specificity. Quite 
often, the rate of an enzymatically catalyzed reaction is 
10 -10 12 times that of an uncatalyzed reaction under 
otherwise similar conditions. The specificity of an enzyme 
is determined by the different rates at which it catalyzes 
closely similar chemical reactions or by its ability to dis- 
tinguish between closely similar substrates. 

Certain amino acid side chains of an enzyme are impor- 
tant in determining its specificity and its ability to acceler- 
ate the reaction rate. The properties of an enzyme are 
thus functions of its linear arrangement of amino acids 
and of the appropriate foldings of the peptide chain. En- 
zyme molecules have two important regions, or sites: one 
that recognizes and binds the substrate(s), and one that 
catalyzes the reaction once the substrate(s) have been 
bound. The amino acids in each of these key regions do 
not need to be adjacent in the linear polypeptide; they are 
brought into proximity in the folded molecule. In some 
enzymes, the catalytic site is part of the substrate-binding 
site. These two regions are called, collectively, the active 
site. 

The binding of a substrate to an enzyme usually in- 
volves the formation of multiple noncovalent ionic, hy- 
drogen, and hydrophobic bonds and van der Waals inter- 
actions (Figure 2-16). The array of chemical groups in the 
active site of the enzyme is precisely arranged so that the 
specific substrate can be more tightly bound than any 
other molecule (with the exception of some enzyme inhib- 
itors) and the reaction can occur readily. In catalysis, co- 
valent bonds between the enzyme and the substrate may 
be formed (and then broken) to reduce the activation en- 
ergy for the reaction. 

Trypsin and Chymotrypsin Are Well- 
characterized Proteolytic Enzymes 

The proteolytic (protein-digesting) enzymes trypsin and 
chymotrypsin are synthesized in the pancreas and se- 
creted into the small intestine as inactive precursors, or 
zymogens, called trypsinogen and chymotrypsinogen, re- 
spectively. These zymogens are not activated until they 
reach the small intestine where they hydrolyze peptide 




A Figure 2-16 The specific binding of a substrate to an 
enzyme involves the formation of mulriple noncovalent 
bonds. Here, two amino acid residues of the enzyme ribonu- 
dease bind uracil, part of its substrate, by three hydrogen 
bonds. Substrates without the two C=0 groups and one 
N— H group in the appropriate positions would be unable to 
bind or would bind less tightly. Other regions of the enzyme, 
not depicted here, bind other parts of the RNA substrate by 
hydrogen bonds and van der Waals interactions. 



bonds of ingested proteins— a step in their digestion to 
single amino acids (Figure 2-17). The deJay in activation 
serves an important regulatory purpose: it prevents the 
enzyme from digesting the pancreatic tissue in which it 
was made. Two irreversible proteolytic cleavages activate 
chymotrypsin. One cleavage removes serine 14 (the serine 
at position 14) and arginine 15 from chymotrypsinogen; 
the other removes threonine 147 and asparagine 148 



O HO HO 
| I II I II 
C — N — C — C — - n — C — C — N 

It III 

H CH 2 H R H 

6 

f chymorrypsln 

0 HO H H 0 
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▲ Figure 2-17 The hydrolysis of a peptide bond by chy- 
motrypsin. 
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▲ Figure 2-18 A linear representation of the conversion of 
chymotrypsinogen into chymotrypsin by the excision of two 
dipeptides. The positions of the disulfide bridges are indi- 
cated. In the folded molecule, histidine 57, aspartate 102, 
and serine 195 are located in the active site. 



tryptophan, which have large hydrophobic side chains. 
Trypsin, by contrast, is specific for the peptide bond on 
the C-terminal side of lysine and arginine residues. 

Specific Amino Acid Side Chains of Chymotrypsin 
Aid in Substrate Binding The reaction mechanism of 
chymotrypsin was deduced, in part, from the three- 
dimensional structure obtained by x-ray crystallography 
(Figure 2-19). The enzyme contains three polypeptides— 
the A, B, and C chains, which have 13, 131, and 97 
amino acids, respectively. These chains are intercon- 
nected by disulfide bridges (see Figures 2-18 and 2-19). 
The molecule has two key structural features: the active 
site and the hydrophobic cleft (a crevice bordered by the 
side chains of several hydrophobic amino acid residues), 
which serves as the binding site for specific amino acid 
residues on the substrate. The conformation of this 
pocket allows the residues lining it to participate in hy- 
drophobic interactions with the large hydrophobic side 
chains of phenylalanine, tyrosine, or tryptophan. Neither 
charged side chains nor small hydrophobic residues on 
the substrate can make the noncovalent bonds necessary 
to fit into the cleft. 

The hydrophobic residues of most globular proteins 
are buried in the interior; when such proteins are in their 
native states, the peptide bonds linking the hydrophobic 
residues are not accessible to hydrolysis by chymotrypsin. 
Normally, stomach acids (pH 1) denature ingested pro- 
teins so that proteases in that organ can partly degrade 
them before their exposure to further digestion by chy- 
motrypsin at neutral pH in the intestine. 




(Figure 2-18). Removal of these two dipeptides activates 
the protease function of the enzyme. 

The hydrolysis of peptide bonds is energetically favor- 
able (AG°' = -2 kcal/mol). Nonetheless, the activation 
energy for an uncatalyzed peptide-bond hydrolysis— say, 
in a neutral aqueous solution of a protein at room tem- 
perature—is so high that there is little or no hydrolysis 
even after several months. Biochemists can chemically 
hydrolyze proteins into their constituent amino acids by 
treating them with a 6 M solution of hydrochloric acid in 
an evacuated tube at 100°C for 24 h. Yet at 37°C and 
neutral pH, a molecule of trypsin or chymotrypsin can 
catalyze the hydrolysis of up to 100 peptide bonds per 
second. The power of enzymatically mediated catalysis is 
well-illustrated here: the addition of sufficient enzyme 
can do in seconds what otherwise would require harsh 
conditions and long times. 

Chymotrypsin does not hydrolyze all peptide bonds; 
rather, it is selective for the peptide bond at the carboxyl 
ends of amino acids such as phenylalanine, tyrosine, and 




▲ Figure 2-19 A three-dimensional model of a- 
chymotrypsin determined from x-ray analysis. The N- and 
C-termini of the A, B, and C chains are indicated, as are the 
— S — S— bridges and the three amino acid residues of the 
active site (red). After B. W. Matthews et aL, 1967. Nature 
214:6S2. 
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(a) Enzyme-substrate complex 
▲ Figure 2-20 The mechanism of hydrolysis of a peptide 
bond by a-chymorrypsin. Red curved arrows represent the 
movement of electrons, (a) The substrate is bound to the 
enzyme so that the bond to be hydrolyzed is positioned near 
serine 195. The negative charge (blue) surrounding the oxy- 
gens in aspartate 102 induces a charge relay system, which is 
initiated when the oxygen atoms on Asp-102 attract a proton 
from the nitrogen atom on His-57. When the negative charge 
reaches the second nirrogen in His-57, the nitrogen removes 
the proton from the hydroxy! group on Ser-1 95. The result- 
ing 0~ attacks the carbon of the bound substrate to form 
(b) a tetrahedral intermediate, so called because the carbon 
atom of interest temporarily has four single bonds. The hy. 
drogen bound to the second nitrogen in His-57 is then added 
to the nitrogen of the substrate. As a resulr, the C— N bond 
of the substrate breaks, leaving (c) R,NH 2 and the acylen- 
zyme intermediate 

? 

~<Ser-195)-0-C-R 2 

The RjNH 2 is discharged from the enzyme and replaced by 
water. In the resulting structure (d), a similar charge relay 
system is induced, and His-57 removes a proton from the 
hydrogen-bonded H 2 0. The OH" thus generated attacks the 
carboxyl carbon of rhe acylenzyme to form (e) another tetra- 
hedral intermediate. The bond between the tetrahedral car- 
bon and the oxygen of Ser-1 95 is hydrolyzed to yield 
(f) R 2 COO~ bound noncovalently to the free enzyme, from 
which it is released. After R. Al Stroud, et aL, 197$, in Pro- 
teases and Biological Control, E. Reich et al, eds. Cold 
Spring Harbor Laboratory, p. 25. 



Other Amino Acid Side Chains of Chymotrypsin 
Have Roles in Catalyzing the Hydrolysis of the 
Bound Substrate The catalytic activity of chymotryp- 
sin depends on three amino acid residues: histidine 57, 
aspartate 102, and serine 195. These amino acids are dis- 
tant from one another in the primary structure of the pro- 
tein (see Figure 2-18), but the chains are folded in such a 
way in the active enzyme molecule that the three side 
chains are close together, in the correct position for cata- 
lyzing the hydrolysis of a peptide bond in a protein bound 
to the enzyme (see Figure 2-19). When chymotrypsinogen 
is proteolytically activated, the polypeptide conformation 
is altered to bring these three residues into correct align- 
ment. 




(b) Tetrahedral intermediate 



{His-57) 




(f) Enzyme-product complex 
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The hydrolysis reaction proceeds in two main steps. 
First, the peptide bond is broken and the carboxyl group 
is transferred to the hydroxyl residue of serine 195: 



En*— (Ser-195)— OH + R r 
Enzyme 



0 

-NH-C-R 2 > 

Substrate 



Enz-(Ser-l95)-O^C-R» + R,-NH 2 
Acylenzyme 

Second, this acylenzyme intermediate is hydrolyzed: 
O 

Enz-($er-195)— 0-C-R 2 + H 2 0 >. 

O 

Enz-(Ser-l95)-OH + ^O-C-R, + H + 

Note that the second step restores the enzyme to its origi- 
nal state. 

Aspartate 102 and histidine 57 facilitate the acylation 
reaction by removing the proton from serine 195 and 
adding it to the nitrogen of the departing amino group 
(Figure 2-20). In a similar manner, aspartate 102 and his- 
tidine 57 facilitate the hydrolysis of the acylenzyme. 
These enzymatically catalyzed steps— transfer of a pro- 
ton from the enzyme to the substrate, formation of a co- 
valent acylserine intermediate, and hydrolysis of the 
acylenzyme— all drastically reduce the overall activation 
energy of the proteolysis reaction. 

The hydroxyl group on serine 195 is unusually reac- 
tive. The concept of an "active" serine residue at the ac- 
tive site predated the determination of the crystal struc- 
ture of chymotrypsin. It was already known, for example, 
that the compound diisopropylfluorophosphate is a po- 
tent inhibitor of chymotrypsin; it reacts only with the 
hydroxy! on serine 195 to form a stable covalent com- 
pound that irreversibly inactivates the enzyme: 



Enz— (Ser- 1 95) — OH + POCH(CHj) 2 ► 

? 

HC(CH 3 ) 2 
Diisopropylfluorophosphate 



Eru-(Ser-l95)-0-- 1< 



OCH(CH 3 ) z + HF 

? 

HC(CH 3 ) 2 

Trypsin and Chymotrypsin Have Different Sub- 
strate-binding Sites A comparison of trypsin and 
chymotrypsin will emphasize the nature of the specificity 
of enzymatically catalyzed reactions. About 40 percent of 
the amino acids in these two molecules are the same; in 



particular, the amino acid sequences in the vicinity of the 
key serine residue are identical: 

195 

— Giy— Asp— Ser— Gly— Gly— Pro 

The three-dimensional structures and catalytic mecha- 
nisms of these two enzymes are also quite similar, indicat- 
ing that they evolved from a common polypeptide. The 
major difference between trypsin and chymotrypsin is 
found in the side chains of the amino acids that line the 
substrate-binding site. The negatively charged amino 
acids in this area of the trypsin molecule facilitate the 
binding of only positively charged (lysine or arginine) res- 
idues, instead of hydrophobic ones. 

Other Hydrolytic Enzymes Contain Active Serine 
Other, mostly unrelated, hydrolytic enzymes also contain 
an active serine residue that is essential for catalysis. For 
example, acetylcholinesterase catalyzes the hydrolysis of 
the neurotransmitter acetylcholine to acetate and choline: 

0 
li 

HjC-C-O-CHa-CHi-NfCHjOj + H 2 0 > 

O 

HjC-C-O" + HO-CH 2 -CH 2 -N(CH 3 ) 3 + H + 

Diisopropylfluorophosphate is a potent, irreversible in- 
hibitor of acetylcholinesterase as well as of chymotrypsin. 
The compound is lethal to animals because it blocks 
nerve transmission by causing a buildup of the transmit- 
ter substance. (The action of this transmitter is discussed 
in Chapter 20.) 

Coenzymes Are Essential for Certain 
Enzymatically Catalyzed Reactions 

Many enzymes contain a coenzyme — a tightly bound 
small molecule or prosthetic group essential to enzymatic 
activity. Vitamins required in trace amounts in the diet 
are often converted to coenzymes. Coenzyme A, for in- 
stance, is derived from the vitamin pantothenic acid; the 
coenzyme pyridoxal phosphate is derived from vitamin 
B € . To cite just one example of how coenzymes function, 
we consider pyridoxal phosphate. The aldehyde group 



can form a covalent complex called a Schiff base with an 
— NH 2 group of an amino acid, which facilitates or low- 
ers the activation energy for the breaking of bonds to the 
carbon of the amino acid. Figure 2-21 shows how pyri- 
doxal phosphate catalyzes the decarboxylation of histi- 
dine to form histamine— a potent dilator of small blood 
vessels. Histamine is released by certain cells in the course 
of allergenic hypersensitivity. 
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< Figure 2-21 Pyridoxal phosphate, a coenzyme, partici- 
pates in many reactions involving amino acids. When it is 
bound to histidine decarboxylase, as in this example, it forms 
a Schiff base with the a amino group of histidine, The posi- 
tive charge on the nitrogen of pyridoxal phosphate then at- 
tracts the electrons from the carboxylate group of the histi- 
dine, via a charge relay system. This weakens the bond 
between the a carbon of the histidine and the carboxylate 
group, causing the release of C0 2 . Finally, histamine, the 
reaction product, is hydrolyzcd from the pyridoxal complex. 

Substrate Binding May Induce a 
Conformational Change in the Enzyme 

When a substrate binds to an enzyme, molecules of com- 
plementary charge or shape, or both, may simply fit to- 
gether into a complex stabilized by a variety of noncova- 
lent bonds. Such an interaction resembles the fitting of a 
key into a lock and is said to occur by a lock-and~key 
mechanism (Figure 2-22a). 

In some enzymes, the binding of the substrate induces a 
conformational change in the enzyme that causes the cat- 
alytic residues to become positioned correctly. Molecules 
that attach to the substrate-binding site, or recognition 
site, of the enzyme but that do not induce a conforma- 
tional change are not substrates of that enzyme. Thus an 
enzyme differentiates between a substrate and a 
nonsubstrate in two ways: Does the potential substrate 
bind to the enzyme? If so, does it induce the correct con- 
formational change? When both criteria are met, the en- 
zyme-substrate complex is said to demonstrate induced 
fit (Figure 2-22b). 

An important example of induced fit is provided by the 
enzyme hexokinase, which catalyzes the transfer of a 
phosphate residue from ATP to a specific carbon atom of 
glucose: 



CH.OH 



ATP 



r , CH 2 OP0 3 2 - 
OH A H 



ADI 



Glucose 



OH 

Glucosc-6-phosphatc 



This is the first step in the degradation of glucose by cells. 
X-ray crystallography has shown that hexokinase con- 
sists of two domains. The binding of glucose induces a 
major conformational change that brings these domains 
closer together and creates a functional catalytic site (Fig- 
ure 2-23). Only glucose and closely related molecules can 
induce this conformational change, ensuring that the en- 
zyme is used to phosphorylate only the correct substrates. 
Molecules such as glycerol, ribose, and even water may 
bind to the enzyme at the recognition site but cannot in- 
duce the requisite conformational change, so they arc not 
substrates for the enzyme. 
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(a) LOCK-AND-KEY 
Substrate 




Enzyme 



(b) INDUCED FIT 




Enzyme 



▲ Figure 2-22 Two mechanisms for the interaction of an 
enzyme and a substrate, (a) In the lock-and-key mechanism, 
the substrate fits directly into the binding site of the enzyme, 
(b) If binding occurs by induced fit, the substrate induces a 
conformational change in the enzyme that appropriately posi- 
tions the substrate for catalysis. 




Glucose-hexokinase complex 



▲ Figure 2-23 The conformation of hexo kinase changes 
markedly when it binds the substrate glucose: the two do- 
mains of the enzyme come closer together to surround the 
substrate. Molecules such as the five-carbon sugar ribose can 
also bind to hexokinase by forming specific hydrogen bonds 
with groups in the substrate-binding pocket of the enzyme, 
but only glucose can form all of the bonds that cause the 
enzyme to change its conformation. Courtesy of Dr. 
Thomas A. Steitz. 



The Catalytic Activity of an Enzyme Can 
Be Characterised by a Few Numbers 

Enzymatic specificity is usually quantified by discrimina- 
tion ratios: a good substrate may be cleaved 10,000 times 
as fast as a poor substrate. The catalytic power of an 
enzyme on a given substrate involves two numbers: K mi 
which measures the affinity of the enzyme for its sub- 
strate, and V max , which measures the maximal velocity of 
enzymatic catalysis. Equations for K m and V majc are most 
easily derived by considering the simple reaction 

S > P 

(substrate > product) 

in which the rate of product formation depends on [5], 
the concentration of the substrate, and on [E], the con- 
centration of the catalytic enzyme. For an enzyme with a 
single catalytic site. Figure 2-24(a) shows how d[?}/dt t the 
rate of product ptoduction, depends on [S] when (E] is 
kept constant. 

At low concentrations of S, the reaction rate is propor- 



tional to [SJ; as [S] is increased the rate does not increase 
indefinitely in proportion to [S] but eventually reaches 
Vmax, at which it becomes independent of [S]. V m3X is 
proportional to [E] and to a catalytic constant k^ t that is 
an intrinsic property of the individual enzyme; halving 
[E] reduces the rate at all values of [S] by one-half. 

When interpreting curves such as those in Figure 2-24, 
bear in mind that all enzymatically catalyzed reactions 
include at least three steps: (1) the binding of the sub- 
strate (S) to the enzyme (E) to form an enzyme-substrate 
complex (ES); (2) the conversion of ES to the enzyme- 
product complex (EP); and (3) the release of the product 
(P) from EP, to yield free P: 

E + S ES EP^' M "> P + E 

In the simplest case, the release of P is so rapid that we 
can write 

E + S ^ ES E + P 

*1 
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The reaction rate d[P)/dt is proportional to the concentra- 
tion of ES and to the catalytic constant £ cat for the given 
enzyme: 

J[P] 
dt 



(1) 



To calculate (ES], we assume the reaction is in a steady 
state, so that k x [E] [S], the formation rate of [ES], is 
equal to the rate of its consumption, either by dissocia- 
tion of uncatalyzed substrate at a rate of k 2 [ES] or by 
catalysis at a rate of £ cat [ES]: 



*i IB IS] = (A, + O [ES] 



If 



(2) 



(3) 



(EU = [E] + (ES] 

(where [E] cot is the sum of the free and the complexed 
enzyme, or the total amount of enzyme), then we can 
combine equations (2) and (3) to obtain 



[E] w , - IE] + [ES] 



= (*2 + * cax) 



[ES] + [ES] 



*,[S] 

If we define K m , called the Michaelis constant, as 
*2 + *« 



then 



Thus 



[ES] 



(EL 



(4) 



1 + KJIS\ 



- (ES] = *„, [E]„ 



1 



1 + KJ$] 



^cat (E] u 



[S] 



[S] + K n 



(5) 



This equation fits the curves shown in Figure 2-24a. 
which is equal to k w [E] w is the maximal rate of 
product formation if all recognition sites on the enzyme 
are filled with substrate. K m is equivalent to the substrate 
concentration at which the reaction rate is half-maximal. 
(If [S] = K mi then from equation (5) we calculate the rate 
of product formation to be Vik czx [E] tot = ViV msix .) For 
most enzymes, the slowest step is the catalysis of [ES] to 
[E] + [P]. In these cases, k^ t is much less than k 2i so that 
K m - (^2 + ^c«)/*i = k z /k { is equal to the equilibrium 
constant for binding S to E. Thus the parameter K m de- 
scribes the affinity of an enzyme for its substrate. The 
smaller the value of K mi the more avidly the enzyme can 
bind the substrate from a dilute solution (Figure 2-24b) 
and the lower the value of [S] needed to reach half- 
maximal velocity. The concentrations of the various 
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A Figure 2-24 (a) The rate of a hypothetical cnzymari- 
cally catalyzed reaction S -* P for two different concentra- 
tions of enzyme [E) as a function of the concentration of 
substrate [S], The substrate concentration that yields a half- 
maximal reaction rate is denoted by K m . Doubling rhe 
amount of enzyme causes a proportional increase in the rate 
of the reaction, so that the maximal velocity V raax is dou- 
bled. The K mi however, is unaltered, (b) The rates of reac- 
tions catalyzed by an enzyme with a substrate S, for which 
the enzyme has a high affinity, and with a substrate S', for 
which the enzyme has a low affinity. The V max value is the 
same for S and but K m is higher for S'. 



small molecules in a cell vary widely, as do the K m values 
for the different enzymes that act on them. Generally, the 
intracellular concentration of a substrate is approxi- 
mately the same as or greater than the K m value of the 
enzyme to which it binds. 

The Actions of Most Enzymes Are 
Regulated 

Many reactions in cells do not occur at a constant rate. 
Instead, the catalytic activity of the enzymes is regulated 
so that the amount of reaction product is just sufficient to 
meet the needs of the cell. 
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An Enzyme Can Be Feedback Inhibited in a Reac- 
tion Pathway Consider a series of reactions leading to 
the synthesis of the amino acid isoleucine, which is pri- 
marily used by cells as a monomer in the synthesis of 
proteins. The amount of isoleucine needed depends on 
the rate of protein synthesis in the cell. The first step in 
the synthesis of isoleucine is the elimination of an amino 
group, which converts the amino acid threonine to the 
compound a-ketoburyrate. Threonine deaminase— the 
enzyme that catalyzes this reaction—plays a key role in 
regulating the level of isoleucine. In addition to its sub- 
strate-binding sites for threonine, threonine deaminase 
contains a binding site for isoleucine. When isoleucine is 
bound there, the enzyme molecule undergoes a conforma- 
tional change, so that it cannot function as efficiently. 
Thus isoleucine acts as an inhibitor of the reaction for the 
conversion of threonine. If the isoleucine concentration in 
the cell is high, the binding of isoleucine to the enzyme 
temporarily reduces the rate of isoleucine synthesis: 

H-C-COCT 
H-C-OH 
CH 3 



Threonine 




threonine 
Ukamiiwe feedback inhibition 




1 enzyme inhibited 
^ by iuileucine 
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This is an example of feedback inhibition, whereby an 
enzyme that catalyzes one of a series of reactions is inhib- 
ited by the ultimate product of the pathway. 

In isoleucine synthesis, as in most cases of feedback 
inhibition, the final product in the reaction pathway in- 
hibits the enzyme that catalyzes the first step that does 
not also lead to other products. The suppression of en- 
zyme function is not permanent. If the concentration of 
free isoleucine is lowered, bound isoleucine dissociates 
from the enzyme, which then reverts to its active confor- 
mation. The binding of the inhibitor isoleucine to the en- 
zyme and its subsequent release can be described by the 
equilibrium-binding constant K h which is similar to the 
constant K m used for substrate binding: 

[E ■ He} iti:il ^ ve ~ [Ilel + (El active 
1 [E-UeUcHv. 



Many Enzymes Have Multiple Binding Sites for 
Regulatory Molecules Some enzymes have binding 
sites for small molecules that affect their catalytic activ- 
ity; a stimulator molecule is called an activator. Enzymes 
may even have multiple sites for recognizing more than 
one activator or inhibitor. In a sense, enzymes are like 
microcomputers; they can detect concentrations of a vari- 
ety of molecules and use that information to vary their 
own activities. Molecules that bind to enzymes and in- 
crease or decrease their activities are called effectors. Ef- 
fectors can modify enzymatic activity because enzymes 
can assume both active and inactive conformations: acti- 
vators are positive effectors; inhibitors are negative effec- 
tors. Effectors bind at regulatory sites, or allosteric sites 
(from the Greek for "another shape"), a term used to 
emphasize that the regulatory site is an element of the 
enzyme distinct from the catalytic site and to differentiate 
this form of regulation from competition between sub- 
strates and inhibitors at the catalytic site. 



Multimeric Organization Permits Cooperative In- 
teractions among Subunits Many enzymes and some 
other proteins are multimeric— that is, they contain sev- 
eral copies, or subunits, of one or more distinct polypep- 
tide chains. Some multimeric enzymes contain identical 
subunits, each of which has a catalytic site and possibly 
an effector site. In other enzymes, regulatory sites and 
catalytic sites are located on different subunits, each with 
a particular structure. On binding an activator, inhibitor, 
or substrate, a subunit undergoes a conformational 
change, usually small, that triggers a change in quater- 
nary structure. This quaternary rearrangement favors a 
similar conformational change in the other subunits, 
thereby increasing their affinity for the type of ligand ini- 
tially bound (Figure 2-25). When several subunits interact 
cooperatively, a given increase or decrease in substrate or 
effector concentration causes a larger change in the rate 
of an enzymatic reaction than would occur if the subunits 
acted independently. Because of such cooperative interac- 
tions, a small change in the concentration of an effector 
or substrate can lead to large changes in catalytic activiry. 

Cooperative interactions among the four subunits in 
hemoglobin demonstrate clearly the advantages of multi- 
meric organization. The binding of an 0 2 molecule to any 
one of the four chains (each hemoglobin chain binds one 
0 2 ) induces a local conformational change in that sub- 
unit. This change can in turn induce a large change in 
quaternary structure. The quaternary change involves a 
rearrangement of the positions of the two a and two J3 
chains in the tetramer. The local conformational changes 
that accompany 0 2 binding can then occur more readily 
in the remaining subunits, increasing their affinity for 
oxygen. The binding of a second 0 2 makes the quater- 
nary structural change even more likely. The cooperative 
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A Figure 2-25 A cooperative interaction between active 
sites (two identical subunits of a hypothetical enzyme). The 
binding of a substrate to one subunit of a muitimeric enzyme 
induces a conformational change in the adjacent subunit, 



Substrate concentration 



which lowers the K m for the binding of the substrate there. 
Thus a small change in the substrate concentration can cause 
a much larger increase in the reaction rate than would occur 
if there were no cooperative interactions between active sites. 



interaction between the chains causes the molecule to 
take up or lose four 0 2 molecules over a much narrower 
range of oxygen pressures than it would otherwise. As a 
result, hemoglobin is almost completely oxygenated at 
the oxygen pressure in the lungs and largely deoxygen- 
ated at the oxygen pressure in the tissue capillaries (Fig- 
ure 2-26). 

The contrast between hemoglobin and myoglobin is 
revealing. Myoglobin is a single-chain oxygen-binding 
protein found in muscle. The oxygen-binding curve of 
myoglobin has the characteristics of a simple equilibrium 
reaction: 

E + 0 2 ^ E-K 0j 

Myoglobin has a greater binding affinity for 0 2 (a lower 
K Ql ) than hemoglobin at all oxygen pressures. Thus, at 



i.or 




the oxygen pressure in capillaries, 0 2 moves from hemo- 
globin into the muscle cells, where it binds to myoglobin, 
ensuring the efficient transfer of 0 2 from blood to tissues! 

The quaternary-structure rearrangements associated 
with muitimeric organization also provide a way for the 
effects of activator or inhibitor binding at an allosteric 
site to be transmitted to a distant catalytic site without 
large changes in the secondary or tertiary structure of an 
enzyme, which would be incompatible with the principle 
that a particular primary structure must adopt a unique 
folded conformation. Thus, for example, small confor- 
mational changes in a domain in response to binding of 
an effector molecule would produce a quaternary-struc- 
ture change, which amplifies the conformational signal 
and allows it to be transmitted robustly to other parts of 
the enzyme, where it would induce a small conforma- 
tional change affecting enzymatic activity. Membrane- 
embedded receptor proteins that must transmit a confor- 
mational signal from one side of a membrane to the other 
are also likely to be muitimeric; they transmit the signal 
by quaternary-structure rearrangement or by an effector- 
induced shift in the monomer-multimer equilibrium. 



< Figure 2-26 The binding of oxygen to hemoglobin de- 
pends on cooperative interactions between the four chains. 
The graph shows the fraction of heme groups in hemoglobin 
and in myoglobin bound to 0 2 as a function of the oxygen 
pressure. Note that the binding activity of hemoglobin in- 
creases sharply over a narrow range of oxygen pressures 
(20-40 mmHg). Hemoglobin is saturated with 0 2 in the 
lungs, but it releases much of its bound 0 2 at the low oxy- 
gen pressure in the tissue capillaries. At any oxygen pressure, 
myoglobin has a higher affinity for 0 2 than hemoglobin 
does. As myoglobin is a principal muscle protein, this prop- 
erty allows oxygen to be transferred from blood to muscle. 
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Enzymes Are Regulated in Many Ways The activi- 
ties of enzymes are extensively regulated so that the nu- 
merous enzymes in a cell work together harmoniously. 
All metabolic pathways are closely controlled at all times. 
Synthetic reactions occur when the products of these re- 
actions are needed; degradative reactions occur when 
molecules must be broken down. Kinetic controls affect- 
ing the activities of key enzymes determine which path- 
ways are going to be used and the rates at which they will 
function. 

Regulation of cellular processes involves more than 
simply turning enzymes on and off, however. Some regu- 
lation is accomplished through compartmentation. Many 
enzymes are localized in specific compartments of the 
cell, such as the mitochondria or lysosomes, thereby re- 
stricting the substrates, effectors, and other enzymes with 
which an enzyme can interact. In addition, compartmen- 
tation permits reactions that might otherwise compete 
with one another in the same solution to occur simultane- 
ously in different pans of a cell. Cellular processes are 
also regulated through the control of the rates of enzyme 
synthesis and destruction. 

Antibodies 



NH 3 * 

Antigen-binding 
site 



*H 3 N 




"OOC C00~ 
Heavy chain 

A Figure 2-27 The structure of an antibody molecule illus- 
trated in an immunoglobulin (IgG) made of four polypeptide 
chains: two identical heavy chains (blue) and two identical 
light chains (orange). Each anugen-binding site is formed by 
the N-terminal segments of a heavy and a light chain. The 
N-termini are highly variable in sequence, giving rise to the 
wide range of antibody specificity. 



Enzymes are not the only proteins that bind tightly and 
specifically to smaller compounds. The insulin receptor 
on the surface of a liver cell, for example, can bind to 
insulin so tightly that the receptors on a cell are half- 
saturated when the insulin concentration is only 1(T* M. 
This protein does not bind to most other compounds 
present in blood; it mediates the specific actions of insulin 
on liver cells. A molecule other than an enzyme substrate 
that can bind specifically to a macromolecule is often 
called a ligand of that macromolecule. 

The capacity of proteins to distinguish among different 
molecules is developed even more highly in blood pro- 
teins called antibodies, or immunoglobulins, than in en- 
zymes. Animals produce antibodies in response to the 
invasion of an infectious agent, such as a bacterium or a 
virus. Antibodies will be discussed at length in Chapter 
25. We introduce them here because they will appear as 
critical reagents in the discussions of many intervening 
chapters. 

The recognition site of an antibody can bind tightly to 
very specific sites— generally on proteins or carbohy- 
drates—on the surface of the infectious agent. Experi- 
mentally, animals produce antibodies in response to the 
injection of almost any foreign polymer; such antibodies 
bind specifically and tightly to the invading substance 
but, like enzymes, do not bind to dissimilar molecules. 
The antibody acts as a signal for the elimination of infec- 
rious agents. When it binds to a bacterium, virus, or 
virus-infected cell, certain white blood cells (leucocytes) 
recognize the invading body as foreign and respond by 



destroying it. The specificity of antibodies is exquisite: 
they can distinguish between proteins that differ by only a 
single amino acid and between the cells of different indi- 
vidual members of the same species. 

All vertebrates can produce a large variety of antibod- 
ies, including ones that bind to chemically synthesized 
molecules. Exposure to an antibody-producing agent, 
called an antigen, causes an organism to make a large 
quantity of different antibody proteins, each of which 
may bind to a slightly different region of the antigen. For 
a given antigen, these constellations of antibodies may 
differ from one member of a species to another. 

Antibodies are formed from two types of polypeptides: 
heavy chains, each of which is folded into four domains, 
and light chains, each of which is folded into two do- 
mains (Figure 2-27). The N-terminal domains of both 
heavy and light chains are highly variable in sequence, 
giving rise to the specific binding characteristics of anti- 
bodies. 

Antibodies Can Distinguish among Closely 
Similar Molecules 

The sequence of bovine insulin is identical to that of 
human insulin, except at three amino acids. Yet when 
bovine insulin is injected into people, some individuals 
respond by synthesizing antibodies that specifically rec- 
ognize the specific amino acids in the bovine molecule, 
even though human beings generally do not produce anti- 
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tial energy and therefore serve as energy carriers 
to drive energy-requiring reactions. The most com- 
mon energy carrier in all biological systems is aden- 
osine triphosphate (ATP); its structure can be 
reviewed in Figure 2-20. The role of ATP in the 
relationship between catabolic and anabolic 
processes is shown in Figure 5-1. 

A little later in the chapter, we will examine 
some representative chemical reactions that deal 
with energy production (catabolic reactions) and 
energy utilization (anabolic reactions) in micro- 
organisms. We will then look at how these various 
reactions are integrated within the cell. But first let 
us consider the principal properties of a group of 
proteins involved in almost all biologically impor- 
tant chemical reactions. These proteins, the 
enzymes, were described briefly in Chapter 2. 



Although it is beyond the scope of this text to name 
and discuss the actions of individual enzymes, you 
should be aware of the central role of enzymes in 
metabolic reactions. It is important to understand 
that a cell's metabolic pathways are determined by 
its enzymes, which are, in turn, deterrrtined by its 
genetic makeup. 

ENZYMES 

Many organic chemicals are so stable that they 
could remain unchanged in a cell for years. To 
activate these chemicals, living ceUs produce 
enzymes, proteins that act as catalysts in chemical 
reactions of importance to the cell. A catalyst is a 
substance that speeds up a reaction without being 
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Figure 5-1 Relationship between anabolism and catabolism and the role of ATP. When simple 
impounds are combined to form complex compounds (anabolism), ATP provides the enerqy for 
syndesis. When large compounds are split apart (catabolism), heat energy is given off and some 
wergy is trapped in ATP molecules. ' 
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Figure 5-2 Mechanism of enzyme action. The surface of the substrate comes into 
contact with tne active site on the surface of the enzyme to form an enzyme-substrate 
complex. Trie substrate is then transformed into products and the enzyme is recovered 



changed by it. Generally large globular proteins, 
enzymes range in molecular weight from about 
10,000 to somewhere in the millions. Of the thou- 
sand or more known enzymes, each has a three- 
dimensional characteristic shape with a specific 
surface configuration due to its primary, secondary, 
and tertiary structures (see Figure 2-18). 

Mechanism of Enzyme Action 

As mentioned in Chapter 2, catalysts lower the 
activation energy required for a chemical reaction. 
Although scientists do not completely understand 
how an enzyme does this, the sequence of events 
is believed to be as follows (Figure 5-2): 

1 . The surface of the substrate— that is, the mole- 
cule or molecules that are reactants in the 
chemical reaction to be catalyzed—contacts a 
specific region on the surface of the enzyme 
molecule, called the active site. 

2. A temporary intermediate compound called an 
enzyme-substrate complex forms. 

3. The substrate molecule is transformed (by rear- 
rangement of existing atoms, a breakdown of 
the substrate molecule, or the combining of 
several substrate molecules). 

4. The transformed substrate molecules, the 
products of the reaction, move away from the 
surface of the enzyme molecule. 



5. The recovered enzyme, now freed, reacts with 
other substrate molecules. 

Enzyme reaction is characterized by its extreme 
specificity for a particular substrate. For example, a | 
specific enzyme may be capable of hydrolyzing a j 
peptide bond only between two specific amino \ 
acids. And other enzymes are capable of hydrolyz- J 
ing starch, but not ceUulose; even though both 
starch and cellulose are polysaccharides composed 
of glucose subunits, the orientations of the sub- 
units in the two polysaccharides differ. Enzyme 
specificity results from the three-dimensional shape 
of the active site, which fits the substrate somewhat 
like a lock with its key. In most instances, the sub- 
strate is much smaller than the enzyme, and rela- 
tively few of the enzyme's amino acids make up the 
active site. 

A given compound can be a substrate for a 
number of different enzymes that catalyze different 
reactions. The fate of a given reactant (substrate) 
depends on the specific enzyme that reacts upon 
it. For example, glucose-6-phosphate, an important 
molecule in cell metabolism, may be acted upon by 
at least four different enzymes, each of which will 
give a different product. 

Enzymes are exceedingly efficient. Under 
optimum conditions, they can catalyze reactions at 
rates that are 10 8 to 10 10 times (up to 10 billion times) 
more rapid than those of comparable reactions 
without enzymes. The turnover number (number of 
substrate molecules metabolized per enzyme mol- 
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5 al., J. Exp . Med. , 176:1191-1195 (1992); Shopes, J. Immunol ., 148=2918- 
2922 (1992) . Homodimeric antibodies may also be prepared using 
heterobifunctional cross-linkers as described in Wolff et al., Cancer 
Research , 53:2560-2565 (1993). Ghetie et al., Proc. Natl. Acad. Sci. , 
94 -.7509-7514 (1997), further describe preparation of IgG-IgG homodimers 
10 and disclose that such homodimers can enhance apoptotic activity as 
compared to the monomers. Alternatively, the antibodies can be 
engineered to have dual Fc regions [see, Stevenson et al., Ant i- Cancer 
Drug Design . 3:219-230 (1989)]. 

15 d. Therapeutic and Non- therapeut ic Uses for Apq-2 Antibodies 

The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be employed to 
activate or stimulate apoptosis in cancer cells. The Apo-2 antibodies 
of the invention may also be useful in enhancing immune -mediated cell 
m 20 death in cells expressing Apo-2, for instance, through complement 
O fixation or ADCC. Alternatively, antagonistic antibodies may be used to 
block excessive apoptosis (for instance in neurodegenerative disease) or 
to block potential autoimmune/inflammatory effects of Apo-2 resulting 

[7 from NF-KB activation. 

Jg 25 Apo-2 antibodies may further be used in diagnostic assays for 

Apo-2, e.g., detecting its expression in specific cells, tissues, or 
5 serum. Various diagnostic assay techniques known in the art may be 

used, such as competitive binding assays, direct or indirect sandwich 
assays and immunoprecipitation assays conducted in either heterogeneous 
2 30 or homogeneous phases [Zola, Monoclonal Antibodies: A Manual of 
® Techniques . CRC Press, Inc. (1987) pp. 147-158]. The antibodies used in 

the diagnostic assays can be labeled with a detectable moiety. The 
detectable moiety should be capable of producing, either directly or 
indirectly, a detectable signal. For example, the detectable moiety may 
35 be a radioisotope, such as 3 H, "C, 32 P, 35 S, or ia5 I, a fluorescent or 
chemiluminescent compound, such as fluorescein isothiocyanate, 
rhodamine, or luciferin, or an enzyme, such as alkaline phosphatase, 
beta-galactosidase or horseradish peroxidase. Any method known in the 
art for conjugating the antibody to the detectable moiety may be 
40 employed, including those methods described by Hunter et al., Nature , 
144:945 (1962); David et al., Biochemistry , 13:1014 (1974); Pain et 
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5 al., J, Immunol. Meth. . 40.219 (1981); and Nygren, J. Histochem. and 
Cvtochem. , 30:407 (1982). 

Apo-2 antibodies also are useful for the affinity 
purification of Apo-2 from recombinant cell culture or natural sources. 
In this process, the antibodies against Apo-2 are immobilized on a 

10 suitable support, such a Sephadex resin or filter paper, using methods 
well known in the art. The immobilized antibody then is contacted with 
a sample containing the Apo-2 to be purified, and thereafter the support 
is washed with a suitable solvent that will remove substantially all the 
material in the sample except the Apo-2, which is bound to the 

15 immobilized antibody. Finally, the support is washed with another 
suitable solvent that will release the Apo-2 from the antibody. 

E. Kits Containing Apo-2 or Apo-2 Antibodies 
In a further embodiment of the invention, there are provided 

(n 20 articles of manufacture and kits containing Apo-2 or Apo-2 antibodies 

2 which can be used, for instance, for the therapeutic or non- therapeutic 
rt applications described above. The article of manufacture comprises 
£ a container with a label. Suitable containers include, for example, 
: U bottles, vials, and test tubes. The containers may be formed from 
~ 25 a variety of materials such as glass or plastic. The container holds 
r a composition which includes an active agent that is effective for 

3 therapeutic or non- therapeutic applications, such as described above. 
i : The active agent in the composition is Apo-2 or an Apo-2 antibody. The 
yp label on the container indicates that the composition is used for a 
S 30 specific therapy or non- therapeutic application, and may also indicate 
m directions for either in vivo or in vitro use, such as those described 

above . 

The kit of the invention will typically comprise the 

container described above and one or more other containers comprising 

35 materials desirable from a commercial and user standpoint, including 

buffers, diluents, filters, needles, syringes, and package inserts with 

instructions for use. 

***************************** 

The following examples are offered for illustrative purposes 

40 only, and are not intended to limit the scope of the present invention 

in any way. 

All patent and literature references cited in the present 
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specification are hereby incorporated by reference in their entirety. 
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EXAMPLES 

All restriction enzymes referred to in the examples were 
purchased from New England Biolabs and used according to manufacturer's 
10 instructions. All other commercially available reagents referred to in 
the examples were used according to manufacturers instructions unless 
otherwise indicated. The source of those cells identified in the 
following examples, and throughout the specification, by ATCC accession 
numbers is the American Type Culture Collection, Rockville, Maryland. 

15 

EXAMPLE 1 

Isolation of cDNA clones Encoding Human Apq-2 
Expressed sequence tag (EST) DNA databases (LIFESEQ™, Incyte 
Pharmaceuticals, Palo Alto, CA) were searched and an EST was identified 
(f\ 20 which showed homology to the death domain of the Apo-3 receptor 
0 [Marsters et al., Curr. Biol. , 6:750 (1996)] . Human pancreas and kidney 

lgtlO bacteriophage cDNA libraries (both purchased from Clontech) were 
ligated into pRK5 vectors as follows. Reagents were added together and 
incubated at 16°C for 16 hours: 5X T4 ligase buffer (3 ml); pRK5, Xhol, 
Q 25 Notl digested vector, 0.5 mg, 1 ml); cDNA (5 ml) and distilled water (6 
ml) . Subsequently, additional distilled water (70 ml) and 10 mg/ml tRNA 
3 (0.1 ml) were added and the entire reaction was extracted through 

=5 phenol: chloroform :isoamyl alcohol (25:24:1). The aqueous phase was 

D removed, collected and diluted into 5M NaCl (10 ml) and absolute ethanol 

^ 30 (-20°C, 250 ml). This was then centrifuged for 20 minutes at 14, 000 x 
g, decanted, and the pellet resuspended into 70% ethanol (0.5 ml) and 
centrifuged again for 2 minutes at 14,000 x g. The DNA pellet was then 
dried in a speedvac and eluted into distilled water (3 ml) for use in 
the subsequent procedure. 
35 The ligated cDNA/pRK5 vector DNA prepared previously was 

chilled on ice to which was added electrocompetent DH10B bacteria (Life 
Tech., 20 ml). The bacteria vector mixture was then electroporated as 
per the manufacturers recommendation. Subsequently SOC media (1 ml) was 
added and the mixture was incubated at 37°C for 30 minutes. The 
40 transformants were then plated onto 20 standard 150 mm LB plates 
containing ampicillin and incubated for 16 hours (37°C) to allow the 
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5 colonies to grow. Positive colonies were then scraped off and the DNA 
isolated from the bacterial pellet using standard CsCl-gradient 
protocols. 

An enriched 5"-cDNA library was then constructed to obtain a 
bias of cDNA fragments which preferentially represents the 5' ends of 
10 cDNA's contained within the library. 10 mg of the pooled isolated full- 
length library plasmid DNA (41 ml) was combined with Not 1 restriction 
buffer (New England Biolabs, 5 ml) and Not 1 (New England Biolabs, 4 ml) 

and incubated at 37°C for one hour. The reaction was extracted through 
phenol: chloroform: isoamyl alcohol (25:24:1, 50 ml), the aqueous phase 
15 removed, collected and resuspended into 5M NaCl (5 ml) and absolute 

ethanol (-20°C, 150 ml) . This was then centrifuged for 20 minutes at 
14,000 x g, decanted, resuspended into 70% ethanol (0.5 ml) and 
centrifuged again for 2 minutes at 14,000 x g. The supernatant was then 
removed, the pellet dried in a speedvac and resuspended in distilled 
H:20 water (10 ml) . 

LJ 

n The following reagents were brought together and incubated at 

N 37<> c f or 2 hours: distilled water (3 ml); linearized DNAlibrary (1 mg, 

■ JL— 

y, 1 ml); Ribonucleotide mix (Invitrogen, 10 ml); transcription buffer 

M (Invitrogen, 2 ml) and Sp6 enzyme mix. The reaction was then extracted 

m 25 through phenol : chloroform: isoamyl alcohol (25:24:1, 50 ml) and the 

q aqueous phase was removed, collected and resuspended into 5M NaCl (5 ml) 

[y and absolute ethanol (-20°C, 150 ml) and centrifuged for 20 minutes at 

D 

14,000 x g. The pellet was then decanted and resuspended in 70% ethanol 
ijj (0.5 ml), centrifuged again for 2 minutes at 14,000 x g, decanted, dried 

B3 30 in a speedvac and resuspended into distilled water (10 ml) . 

The following reagents were added together and incubated at 

16°C for 16 hours: 5X T4 ligase buffer (Life Tech., 3 ml); pRK5 Cla-Sal 
digested vector, 0.5 mg, 1 ml); cDNA (5 ml); distilled water (6 ml). 
Subsequently, additional distilled water (70 ml) and 10 mg/ml tRNA (0.1 
35 ml) was added and the entire reaction was extracted through 
phenol -.chloroform: isoamyl alcohol (25:24:1, 100 ml). The aqueous phase 
was removed, collected and diluted by 5M NaCl (10 ml) and absolute 

ethanol (-20°C, 250 ml) and centrifuged for 20 minutes at 14,000 x g. 
The DNA pellet was decanted, resuspended into 70% ethanol (0.5 ml) and 
40 centrifuged again for 2 minutes at 14,000 x g. The supernatant was 
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5 removed and. the residue pellet was dried in a speedvac and resuspended 
in distilled water (3 ml). The ligated cDNA/pSST-amy . 1 vector DNA was 
chilled on ice to which was added electrocompetent DH10B bacteria (Life 
Tech., 20 ml). The bacteria vector mixture was then electroporated as 
recommended by the manufacturer. Subsequently, SOC media (Life Tech., 1 

10 ml) was added and the mixture was incubated at 37°C for 30 minutes. The 
transformants were then plated onto 20 standard 150 mm LB plates 
containing ampicillin and incubated for 16 hours (37°C) . Positive 
colonies were scraped off the plates and the DNA was isolated from the 
bacterial pellet using standard protocols, e.g. CsCl-gradient . 
15 The cDNA libraries were screened by hybridization with a 

synthetic oligonucleotide probe: 

GGGAGCCGCTCATGAGGAAGTTGGGCCTCATGGACAATGAGATAAAGGTGGCTAAAGCTGAGGCAGCGGG 
(SEQ ID NO: 3) based on the EST. 

Three cDNA clones were sequenced in entirety. The 
zl 20 overlapping coding regions of the cDNAs were identical except for codon 
q 410 (using the numbering system for Fig. 1) ; this position encoded a 

N leucine residue (TTG) in both pancreatic cDNAs, and a methionine residue 

=!= (ATG) in the kidney cDNA, possibly due to polymorphism, 

y. The entire nucleotide sequence of Apo-2 is shown in Figure 1 

ffl 25 (SEQ ID NO:2) . Clone 27868 (also referred to as pRK5-Apo-2 deposited as 
ATCC 209021, as indicated below) contains a single open reading frame 
fjj with an apparent translational initiation site at nucleotide positions 

O 140-142 [Kozak et al., supra] and ending at the stop codon found at 

nucleotide positions 1373-1375 (Fig. 1; SEQ ID N0:2) . The predicted 
^ 30 polypeptide precursor is 411 amino acids long, a type I transmembrane 
protein, and has a calculated molecular weight of approximately 45 kDa. 
Hydropathy analysis (not shown) suggested the presence of a signal 
sequence (residues 1-53), followed by an extracellular domain (residues 
54-182) , a transmembrane domain (residues 183-208) , and an intracellular 
35 domain (residues 209-411) (Fig. 2A; SEQ ID NO:l) . N- terminal amino acid 
sequence analysis of Apo-2-IgG expressed in 293 cells showed that the 
mature polypeptide starts at amino acid residue 54, indicating that the 
actual signal sequence comprises residues 1-53. Apo-2 polypeptide is 
obtained or obtainable by expressing the molecule encoded by the cDNA 
40 insert of the deposited ATCC 209021 vector. 

TNF receptor family proteins are typically characterized by 
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5 the presence of multiple (usually four) cysteine-rich domains in their 
extracellular regions each cysteine-rich domain being approximately 
45 amino acids long and containing approximately 6, regularly spaced, 
cysteine residues. Based on the crystal structure of the type 1 TNF 
receptor, the cysteines in each domain typically form three disulfide 
10 bonds in which usually cysteines 1 and 2, 3 and 5, and 4 and 6 are 
paired together. Like DR4, Apo-2 contains two extracellular cysteine- 
rich pseudorepeats (Fig. 2A) , whereas other identified mammalian TNFR 
family members contain three or more such domains [Smith et al., Cell , 
76:959 (1994)] . 

15 The cytoplasmic region of Apo-2 contains a death domain 

(amino acid residues 324-391 shown in Fig. 1; see also Fig. 2A) which 
shows significantly more amino acid sequence identity to the death 
domain of DR4 (64%) than to the death domain of TNFR1 (30%); CD95 (19%); 
or Apo-3/DR3 (29%) (Fig. 2B) . Four out of six death domain amino acids 
ff=20 that are required for signaling by TNFR1 [Tartaglia et al., supra l are 
O conserved in Apo-2 while the other two residues are semi -conserved (see 
JH Fig. 2B) . 

jf Based on an alignment analysis (using the ALIGN™ computer 

M= program) of the full-length sequence, Apo-2 shows more sequence identity 
^25 to DR4 (55%) than to other apoptosis- linked receptors, such as TNFR1 
* (19%); CD95 (17%); or Apo-3 (also referred to as DR3, WSL-1 or TRAMP) 

Q (29%). 

z y 

% EXAMPLE 2 

k£ 30 A. Expression of Apo-2 ECD 

O A soluble extracellular domain (ECD) fusion construct was 

prepared. An Apo-2 ECD (amino acid residues 1-184 shown in Figure 1) 
was obtained by PCR and fused to a C-terminal Flag epitope tag (Sigma) . 
(The Apo-2 ECD construct included residues 183 and 184 shown in Figure 1 

35 to provide flexibility at the junction, even though residues 183 and 184 
are predicted to be in the transmembrane region) . The Flag epitope- 
tagged molecule was then inserted into pRK5, and expressed by transient 
transfection into human 293 cells (ATCC CRL 1573) . 

After a 48 hour incubation, the cell supernatants were 

40 collected and either used directly for co-precipitation studies (see 
Example 3) or subjected to purification of the Apo-2 ECD- Flag by 
affinity chromatography on anti-Flag agarose beads, according to 
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manufacturer's instructions (Sigma) . 



B. Expression of Apo-2 ECD as an Immunoadhesin 
A soluble Apo-2 ECD immunoadhesin construct was prepared. 
The Apo-2 ECD (amino acids 1-184 shown in Fig. 1) was fused to the hinge 
10 and Fc region of human immunoglobulin G 1 heavy chain in pRK5 as 
described previously [Ashkenazi et al., Proc . Natl . Acad . Sci . , 
88:10535-10539 (1991)]. The immunoadhesin was expressed by transient 
transfection into human 293 cells and purified from cell supernatants by 
protein A affinity chromatography, as described by Ashkenazi et al., 
1 5 supra . 

EXAMPLE 3 

Immunoprecipitation Assay Showing Binding Interaction 

Between Apo-2 and Apo-2 Ligand 
fp20 To determine whether Apo-2 and Apo-2L interact or associate 

D with each other, supernatants from mock-transf ected 293 cells or from 
*r{ 293 cells transfected with Apo-2 ECD-Flag (described in Example 2 above) 

Jf (5 ml) were incubated with 5 [ig poly-histidine-tagged soluble Apo-2L 

[Pitti et al., supra ] for 30 minutes at room temperature and then 
[n 25 analyzed for complex formation by a co-precipitation assay. 

^ The samples were subjected to immunoprecipitation using 25 |il 

anti-Flag conjugated agarose beads (Sigma) or Nickel -conjugated agarose 

□ beads (Qiagen) . After a 1.5 hour incubation at 4° C, the beads were 

spun down and washed four times in phosphate buffered saline (PBS) . By 

J! 30 using ant i -Flag agarose, the Apo-2L was precipitated through the Flag- 

Li.: 

tagged Apo-2 ECD; by using Nickel -agarose, the Apo-2 ECD was 
precipitated through the His- tagged Apo-2L. The precipitated proteins 
were released by boiling the beads for 5 minutes in SDS-PAGE buffer, 
resolved by electrophoresis on 12% polyacrylamide gels, and then 

35 detected by immunoblot with anti-Apo-2L or anti-Flag antibody (2 |ig/ml) 
as described in Marsters et al., J. Biol. Chem. , (1997) . 

The results, shown in Figure 3, indicate that the Apo-2 ECD 
and Apo-2L can associate with each other. 

The binding interaction was further analyzed by purifying 
40 Apo-2 ECD from the transfected 293 cell supernatants with anti-Flag 
beads (see Example 2) and then analyzing the samples on a BIACORE™ 

59 



5 instrument. The BIACORE™ analysis indicated a dissociation constant 
(KJ of about 1 nM. BIACORE™ analysis also showed that the Apo-2 ECD is 
not capable of binding other apoptosis- inducing TNF family members, 
namely, TNF-alpha (Genentech, Inc., Pennica et al., Nature, 312:712 
(1984), lymphotoxin-alpha (Genentech, Inc.), or Fas/Apo-1 ligand (Alexis 
10 Biochemicals) . The data thus shows that Apo-2 is a specific receptor 
for Apo-2L. 

EXAMPLE 4 
Induction of Apoptosis by Apo-2 
15 Because death domains can function as oligomerization 

interfaces, over -express ion of receptors that contain death domains may 
lead to activation of signaling in the absence of ligand [Frazer et al., 
supra , Nagata et al . , supral . To determine whether Apo-2 was capable of 
inducing cell death, human 293 cells or HeLa cells (ATCC CCL 2.2) were 
ft.20 transiently transfected by calcium phosphate precipitation (293 cells) 
3 or elect roporat ion (HeLa cells) with a pRK5 vector or pRK5 -based 
=j plasmids encoding Apo-2 and/or CrmA. When applicable, the total amount: 
p of plasmid DNA was adjusted by adding vector DNA. Apoptosis was 
A assessed 24 hours after transfection by morphology (Fig. 4A) ; DNA 

Li 

^25 fragmentation (Fig. 4B) ; or by FACS analysis of phosphatydilserine 
exposure (Fig. 4C) as described in Marsters et al., Curr. Biol. , 6:1669 
(1996). As shown in Figs. 4A and 4B, the Apo-2 transfected 293 cells 
underwent marked apoptosis. 

For samples assayed by FACS, the HeLa cells were co- 
yg 30 transfected with pRK5-CD4 as a marker for transfection and apoptosis was 
ffi determined in CD4-expressing cells; FADD was co- transfected with the 

Apo-2 plasmid; the data are means + SEM of at least three experiments, 
as described in Marsters et al., Curr. Biol. , 6:1669 (1996). The 
caspase inhibitors, DEVD-fmk (Enzyme Systems) or z-VAD-fmk (Research 

35 Biochemicals Intl.) were added at 200 nM at the time of transfection. 
As shown in Fig. 4C, the caspase inhibitors CrmA, DEVD-fmk, and z-VAD- 
fmk blocked apoptosis induction by Apo-2, indicating the involvement of 
Ced-3-like proteases in this response. 

FADD is an adaptor protein that mediates apoptosis 

40 activation by CD95, TNFR1 , and Apo-3/DR3 [Nagata et al., supra] , but 
does not appear necessary for apoptosis induction by Apo-2L [Marsters et 
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5 al. f supra] or by DR4 [Pan et al., supra] . A dominant -negative mutant 
form of FADD, which blocks apoptosis induction by CD95, TNFR1, or Apo- 
3/DR3 [Frazer et al., supra ; Nagata et al. # supra ; Chinnayian et al., 
supra ] did not inhibit apoptosis induction by Apo-2 when co-transfected 
into HeLa cells with Apo-2 (Fig. 4C) . These results suggest that Apo-2 
10 signals apoptosis independently of FADD. Consistent with this 
conclusion, a glutathione-S-transferase fusion protein containing the 
Apo-2 cytoplasmic region did not bind to in vitro transcribed and 
translated FADD (data not shown) . 

15 EXAMPLE 5 

Inhibition of Apo-2L Activity by Soluble Apo-2 ECD 
Soluble Apo-2L (0.5 Jig/ml, prepared as described in Pitti et 
al., supra ) was pre-incubated for 1 hour at room temperature with PBS 
buffer or affinity-purified Apo-2 ECD (5 jig/ml) together with anti-Flag 

q20 antibody (Sigma) (1 jig/ml) and added to HeLa cells. After a 5 hour 
incubation, the cells were analyzed for apoptosis by FACS (as above) 
(Fig. 4D) . 

Apo-2L induced marked apoptosis in HeLa cells, and the 
soluble Apo-2 ECD was capable of blocking Apo-2L action (Fig. 4D) , 
~ 25 confirming a specific interaction between Apo-2L and Apo-2. Similar 
results were obtained with the Apo-2 ECD immunoadhesin (Fig. 4D) . Dose- 
fU response analysis showed half -maximal inhibition at approximately 0.3 nM 

^ Apo-2 immunoadhesin (Fig. 4E) . 

£0 30 EXAMPLE 6 

Activation of NF-KB by Apo-2 
An assay was conducted to determine whether Apo-2 activates 

NF-KB. 

HeLa cells were transfected with pRK5 expression plasmids 
35 encoding full-length native sequence Apo-2, DR4 or Apo-3 and harvested 

24 hours after transf ection. Nuclear extracts were prepared and 1 ^g of 
nuclear protein was reacted with a 32 P-labelled NF-KB-specif ic synthetic 
oligonucleotide probe 

ATCAGGGACTTTCCGCTGGGGACTTTCCG (SEQ ID NO:4) [see, also, MacKay et al., 
40 J . Immunol . , 153:5274-5284 (1994)], alone or together with a 50-fold 
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excess of unlabelled probe, or with an irrelevant 32 P- labelled synthetic 
oligonucleotide 

AGGATGGGAAGTGTGTGATATATCCTTGAT ( SEQ ID NO : 5 ) . In some samples , 
antibody to p65/RelA subunits of NF-KB (1 ng/ml; Santa Cruz 
Biotechnology) was added. DNA binding was analyzed by an 
electrophoretic mobility shift assay as described by Hsu et al., supra ; 
Marsters et al., supra , and MacKay et al., supra . 

The results are shown in Fig. 5. As shown in Fig. 5A, upon 
transfection into HeLa cells, both Apo-2 and DR4 induced significant NF- 
KB activation as measured by the electrophoretic mobility shift assay; 
the level of activation was comparable to activation observed for Apo- 
3/DR3. Antibody to the p65/RelA subunit of NF-KB inhibited the mobility 
of the NF-KB probe, implicating p65 in the response to all 3 receptors. 

An assay was also conducted to determine if Apo-2L itself can 
regulate NF-KB activity. HeLa cells or MCF7 cells (human breast 
adenocarcinoma cell line, ATCC HTB 22) were treated with PBS buffer, 
soluble Apo-2L (Pitti et al., supra ) or TNF-alpha (Genentech, Inc.,; see 
Pennica et al . , Nature , 312:721 (1984)) (1 ng/ml) and assayed for NF-KB 
activity as above. The results are shown in Fig. 5B. The Apo-2L 
induced a significant NF-KB activation in the treated HeLa cells but not 
in the treated MCF7 cells; the TNF-alpha induced a more pronounced 
activation in both cell lines. Several studies have disclosed that NF- 
KB activation by TNF can protect cells against TNF-induced apoptosis 
[Nagata, supra ] . 

The effects of a NF-KB inhibitor, ALLN (N- acetyl -Leu-Leu- 
norleucinal) and a transcription inhibitor, cyclohexamide, were also 
tested. The HeLa cells (plated in 6-well dishes) were preincubated with 
PBS buffer, ALLN (Calbiochem) (40 ng/ml) or cyclohexamide (Sigma) (50 
Hg/ml) for 1 hour before addition of Apo-2L (1 ng/ml) . After a 5 hour 
incubation, apoptosis was analyzed by FACS (see Fig. 5C) . 

The results are shown in Fig. 5C. Both ALLN and 
cyclohexamide increased the level of Apo-2L- induced apoptosis in the 
HeLa cells. The data indicates that Apo-2L can induce protective NF-KB- 
dependent genes. The data also indicates that Apo-2L is capable of 
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5 activating NF-KB in certain cell lines and that both Apo-2 and DR4 may 
mediate that function. 

EXAMPLE 7 
Northern Blot Analysis 
10 Expression of Apo-2 mRNA in human tissues was examined by 

Northern blot analysis. Human RNA blots were hybridized to a 4.6 
kilobase 32 P- labelled DNA probe based on the full length Apo-2 cDNA; the 
probe was generated by digesting the pRK5-Apo-2 plasmid with EcoRI . 
Human fetal RNA blot MTN (Clontech) and human adult RNA blot MTN-II 
15 (Clontech) were incubated with the DNA probes. Blots were incubated 
with the probes in hybridization buffer (5X SSPE; 2X Denhardt's 
solution; 100 mg/mL denatured sheared salmon sperm DNA; 50% formamide; 
2% SDS) for 60 hours at 42°C. The blots were washed several times in 2X 
SSC; 0.05% SDS for 1 hour at room temperature, followed by a 30 minute 
01 20 wash in 0.1X SSC; 0.1% SDS at 50°C. The blots were developed after 
"™f overnight exposure. 

!y As shown in Fig. 6, a predominant mRNA transcript of 

=p approximately 4.6kb was detected in multiple tissues. . Expression was 

relatively high in fetal and adult liver and lung, and in adult ovary 
Jn25 and peripheral blood leukocytes (PBL) , while no mRNA expression was 
s detected in fetal and adult brain. Intermediate levels of expression 

were seen in adult colon, small intestine, testis, prostate, thymus, 
^ pancreas, kidney, skeletal muscle, placenta, and heart. Several adult 
yp tissues that express Apo-2, e.g., PBL, ovary, and spleen, have been 
J| 30 shown previously to express DR4 [Pan et al., supra ] , however, the 
*** relative levels of expression of each receptor mRNA appear to be 

different. 

EXAMPLE 8 

35 Chromosomal Localization of the Apo-2 gene 

Chromosomal localization of the human Apo-2 gene was examined 
by radiation hybrid (RH) panel analysis. RH mapping was performed by 
PCR using a human-mouse cell radiation hybrid panel (Research Genetics) 
and primers based on the coding region of the Apo-2 cDNA [Gelb et al., 

40 Hum. Genet. , 98:141 (1996)]. Analysis of the PCR data using the 
Stanford Human Genome Center Database indicates that Apo-2 is linked to 
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5 the marker D8S481, with an LOD of 11.05; D8S481 is linked in turn to 
D8S2055, which maps to human chromosome 8p21. A similar analysis of DR4 
showed that DR4 is linked to the marker D8S2127 (with an LOD of 13.00), 
which maps also to human chromosome 8p21. 

To Applicants' present knowledge, to date, no other member of 
10 the TNFR gene family has been located to chromosome 8. 

EXAMPLE 9 

Preparation of Monoclonal Antibodies Specific for Apo-2 

Balb/c mice (obtained from Charles River Laboratories) were 

15 immunized by injecting 0.5|ig/50^il of an Apo-2 ECD immunoadhesin protein 
(diluted in MPL-TDM adjuvant purchased from Ribi Immunochemical Research 
Inc., Hamilton, MT) 11 times into each hind foot pad at 3-4 day 
intervals. The Apo-2 ECD immunoadhesin protein was generated by fusing 
an extracellular domain sequence of Apo-2 (amino acids 1-184 shown in 
CJ120 -Fig. 1) to the hinge and Fc region of human immunoglobulin G 1 heavy 
z: chain in pRK5 as described previously [Ashkenazi et al., Proc. Natl. 
•Sj Acad. Sci. , 88:10535-10539 (1991)]. The immunoadhesin protein was 

=P expressed by transient transfection into human 293 cells and purified 
from cell supernatants by protein A affinity chromatography, as 
yg 25 described by Ashkenazi et al. , supra (See also Example 2B above) . 

Three days after the final boost, popliteal lymph nodes were 
jr; removed from the mice and a single cell suspension was prepared in DMEM 

q media (obtained from Biowhitakker Corp.) supplemented with 1% 

*D penicillin- streptomycin. The lymph node cells were then fused with 

£30 murine myeloma cells P3X63AgU.l (ATCC CRL 1597) using 35% polyethylene 
glycol and cultured in 96 -well culture plates. Hybridomas resulting 
from the fusion were selected in HAT medium. Ten days after the fusion, 
hybridoma culture supernatants were screened in an ELISA to test for the 
presence of monoclonal antibodies binding to the Apo-2 ECD immunoadhesin 
35 protein. 

In the ELISA, 96 -well microtiter plates (Maxisorb; Nunc, 
Kamstrup, Denmark) were coated by adding 50 nl of 2 (ig/ml goat anti- 
human IgG Fc (purchased from Cappel Laboratories) in PBS to each well 
and incubating at 4°C overnight. The plates were then washed three 
40 times with wash buffer (PBS containing 0.05% Tween 20). The wells in 
the microtiter plates were then blocked with 50 |il of 2.0% bovine serum 
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5 albumin in PBS and incubated at room temperature for 1 hour. The plates 
were then washed again three times with wash buffer. 

After the washing step, 50 \il of 0.4 ng/ml Apo-2 ECD 
immunoadhesin protein (as described above) in assay buffer was added to 
each well. The plates were incubated for 1 hour at room temperature on 
10 a shaker apparatus, followed by washing three times with wash buffer. 

Following the wash steps, 100 of the hybridoma 

supernatants or purified antibody (using Protein A-sepharose columns) (1 
jig/ml) was added to designated wells in the presence of CD4-IgG. 100 fil 
of P3X63AgU.l myeloma cell conditioned medium was added to other 
15 designated wells as controls. The plates were incubated at room 
temperature for 1 hour on a shaker apparatus and then washed three times 
with wash buffer. 

Next, 50 \xl HRP- conjugated goat ant i -mouse IgG Fc (purchased 
^ from Cappel Laboratories), diluted 1:1000 in assay buffer (0.5% bovine 
Q20 serum albumin, 0.05% Tween-20, 0.01% Thimersol in PBS), was added to 
D each well and the plates incubated for 1 hour at room temperature on a 

, 2 shaker apparatus. The plates were washed three times with wash buffer, 
H= followed by addition of 50 \xl of substrate (TMB microwell peroxidase 

^ substrate, Kirkegaard & Perry, Gaithersburg, MD) to each well and 

£ " 25 incubation at room temperature for 10 minutes. The reaction was stopped 
J* by adding 50 \il of TMB 1- component stop solution (diethyl glycol, 
q Kirkegaard & Perry) to each well, and absorbance at 450 nm was read in 

O an automated microtiter plate reader. 

~f Of the hybridoma supernatants screened in the ELISA, 22 

^ 30 supernatants tested positive (calculated as approximately 4 times above 
background). The. supernatants testing positive in the ELISA were 
further analyzed by FACS analysis using 9D cells (a human B lymphoid 
cell line expressing Apo-2; Genentech, Inc.) and FITC-conjugated goat 
anti-mouse IgG. For this analysis, 25 )il of cells suspended (at 4 X 10 6 
35 cells/ml) in cell sorter buffer (PBS containing 1% FCS and 0.02% NaN 3 ) 
were added to U-bottom microtiter wells, mixed with 100 \il of culture 
supernatant or purified antibody (purified on Protein A-sepharose 
columns) (10 ^g /ml) in cell sorter buffer, and incubated for 30 minutes 
on ice. The cells were then washed and incubated with 100 nl FITC- 
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conjugated goat anti-mouse igG for 30 minutes at 4°C. Cells were then 
washed twice, resuspended in 150 |il of cell sorter buffer and then 
analyzed by FACScan (Becton Dickinson, Mountain View, CA) . FACS 
analysis showed 8/22 supernatants were positive for anti-Apo-2 
antibodies. 

Figure 7 shows the FACS staining of 9D cells incubated with 
one of the Apo-2 antibodies, referred to as 3F11.39.7. As shown in 
Figure 7, the 3F11.39.7 antibody recognizes the Apo-2 receptor expressed 
in 9D cells. 

EXAMPLE 10 

Assay for Ability of Apo-2 Abs to Agonisticallv induce Apoptosis 

Hybridoma supernatants and purified antibodies (as described 
in Example 9 above) were tested for activity to induce Apo-2 mediated 9D 
cell apoptosis. The 9D cells (5 X 10 5 cells/0 . lml) were incubated with 
varying concentrations of antibodies in 100 nl complete RPMI media at 
4°C for 15 minutes. The cells were then incubated for 5 minutes at 37°C 
and 10 (ig of goat ant i -mouse IgG Fc antibody (Cappel Laboratories) in 
300 nl of complete RPMI was added to some of the cell samples. At this 
point, the cells were incubated overnight at 37°C and in the presence of 
7% C0 2 . The cells were then harvested and washed once with PBS. The 
viability of the cells was determined by staining of FITC-annexin V 
binding to phosphatidylserine according to manufacturer recommendations 
(Clontech) . The cells were washed in PBS and resuspended in 200- \il 
binding buffer. Ten jil of annexin-V-FITC (1 fig/ml) and 10 fil of 
propidium iodide were added to the cells. After incubation for 15 
minutes in the dark, the 9D cells were analyzed by FACS. 

As shown in Figure 8, the 3 Fl 1.3 9. 7 antibody (in the absence 
of the goat anti-mouse IgG Fc) induced apoptosis in the 9D cells as 
compared to the control antibodies. Agonistic activity, however, was 
enhanced by Apo-2 receptor cross-linking in the presence of the goat 
anti-mouse IgG Fc (see Figure 9) . This enhanced apoptosis (Figure 9) by 
the combination of antibodies is comparable to the apoptotic activity of 
Apo-2L in 9D cells (data not shown) . 
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EXAMPLE 11 

Assay for Antibody Ability to Block Apo-2 liqand- induced Apoptosis 

Hybridoma supernatants and purified antibodies (as described 
in Example 9 above) were tested for activity to block Apo-2 ligand 
induced 9D cell apoptosis. The 9D cells (5 X 10 5 cells/0 . lml) were 
suspended in complete RPMI media (RPMI plus 10%FCS, glutamine, 
nonessential amino acids, penicillin, streptomycin, sodium pyruvate) and 
placed into individual Falcon 2052 tubes. Cells were then incubated 
with 10 |ig of antibodies in 200 (xl media for 15 minutes on ice. 0.2 ml 
of Apo-2 ligand (2.5 ng/ml) (soluble His-tagged Apo-2L prepared as 
described in WO 97/25428; see also Pitti et al., supra ) was suspended 
into complete RPMI media, and then added into the tubes containing the 
9D cells. The 9D cells were incubated incubated overnight at 37°C and 
in the presence of 7% C0 2 . The incubated cells were then harvested and 
washed once with PBS. Th,e viability of the cells was determined by 
staining of FITC-annexin V* binding to phosphatidylserine according to 
manufacturer recommendations (Clontech) . Specifically, the cells were 
washed in PBS and resuspended in 200 pi binding buffer. Ten fxl of 
annexin-V-FITC (1 ng/ml) and 10 ^il of propidium iodide were added to the 
cells. After incubation for 15 minutes in the dark, the 9D cells were 
analyzed by FACS. 

The results are shown in Figure 10. Since 9D cells express 
more than one receptor for Apo-2L, Apo-2L can induce apoptosis in the 9D 
cells by interacting with either Apo-2 or the DR4 receptor. Thus, to 
detect any blocking activity of the Apo-2 antibodies, the interaction 
between DR4 and Apo-2L needed to be blocked. In combination with the 
anti-DR4 antibody, 4H6.17.8 (ATCC HB-12455) , the Apo-2 antibody 
3F11.39.7 was able to block approximately 50% of apoptosis induced by 
Apo-2L. The remaining approximately 50% apoptotic activity is believed 
to be due to the agonistic activities of these two antibodies by 
themselves, as shown in Figure 10. Accordingly, it is believed that the 
3F11.39.7 antibody is a blocking Apo-2 antibody. 



67 



5 ' EXAMPLE 12 

ELISA Assay to Test Binding of Apo-2 Antibodies to Other 
Apo-2 Liaand Receptors 
An ELISA was conducted to determine if the monoclonal 
antibody described in Example 9 was able to bind other known Apo-2L 
10 receptors beside Apo-2. Specifically, the 3F11.39.7 antibody was tested 
for binding to DR4 [Pan et al., supra ] , DcRl [Sheridan et al. f supra ] , 
and DcR2 [Marsters et al., Curr. Biol. , 7:1003-1006 (1997)]. The ELISA 
was performed essentially as described in Example 9 above. 

The results are shown in Figure 11. The Apo-2 antibody 
15 3F11.39.7 bound to Apo-2. The 3F11.39.7 antibody also showed some 
cross-reactivity to DR4, but not to DcRl or DcR2. 



EXAMPLE 13 

ffk 20 Antibody Isotvpincr 

O The isotype of the 3F11.39.7 antibody (as described above) 

was determined by coating microtiter plates with isotype specific goat 
J' anti-mouse Ig (Fisher Biotech, Pittsburgh, PA) overnight at 4°C. The 
H= plates were then washed with wash buffer (as described in Example 9 
?t 25 above) . The wells in the microtiter plates were then blocked with 200 
Hi of 2% bovine serum albumin and incubated at room temperature for one 
hour. The plates were washed again three times with wash buffer. Next, 
100 nl of 5 ^ig/ml of purified 3F11.39.7 antibody was added to designated 
wells. The plates were incubated at room temperature for 30 minutes and 
m 30 then 50 ill HRP- conjugated goat anti-mouse IgG (as described above) was 
added to each well. The plates were incubated for 30 minutes at room 
temperature. The level of HRP bound to the plate was detected using HRP 
substrate as described above. 

The isotyping analysis showed that the 3F11.3 9.7 antibody is 
35 an IgGl antibody. 



40 Deposit of Material 

The following materials have been deposited with the American 
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Type Culture Collection, 12301 Parklawn Drive, Rockville, MD, USA 
(ATCC) : 

Material ATCC Dep. No. Deposit Date 

pRK5-Apo-2 209021 May 8, 1997 

3F11.39.7 HB-12456 January 13, 1998 



This deposit was made under the provisions of the Budapest 
Treaty on the International Recognition of the Deposit of Microorganisms 
for the Purpose of Patent Procedure and the Regulations thereunder 
(Budapest Treaty) . This assures maintenance of a viable culture of the 
deposit for 30 years from the date of deposit. The deposit will be made 
available by ATCC under the terms of the Budapest Treaty, and subject to 
an agreement between Genentech, Inc. and ATCC, which assures permanent 
and unrestricted availability of the progeny of the culture of the 
deposit to the public upon issuance of the pertinent U.S. patent or upon, 
laying open to the public of any U.S. or foreign patent application, 
whichever comes first, and assures availability of the progeny to one 
determined by the U.S. Commissioner of Patents and Trademarks to .be 
entitled thereto according to 35 USC Section 122 and the Commissioner's 
rules pursuant thereto (including 37 CFR Section 1.14 with particular 
reference to 886 OG 638) . 

The assignee of the present application has agreed that if a 
culture of the materials on deposit should die or be lost or destroyed 
when cultivated under suitable conditions, the materials will be 
promptly replaced on notification with another of the same. 
Availability of the deposited material is not to be construed as a 
license to practice the invention in contravention of the rights granted 
under the authority of any government in accordance with its patent 
laws. 

The foregoing written specification is considered to be 
sufficient to enable one skilled in the art to practice the invention. 
The present invention is not to be limited in scope by the construct 
deposited, since the deposited embodiment is intended as a single 
illustration of certain aspects of the invention and any constructs that 
are functionally equivalent are within the scope of this invention. The 
deposit of material herein does not constitute an admission that the 
written description herein contained is inadequate to enable the 
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5 practice of any aspect of the invention, including the best mode 
thereof, nor is it to be construed as limiting the scope of the claims 
to the specific illustrations that it represents. Indeed, various 
modifications of the invention in addition to those shown and described 
herein will become apparent to those skilled in the art from the 
10 foregoing description and fall within the scope of the appended claims. 



m 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Ashkenazi, Avi 

Chuntharapai , Anon 
Kim, Kyung Jin 

(ii) TITLE OF INVENTION: Apo-2 RECEPTOR 

(iii) NUMBER OF SEQUENCES: 5 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Genentech, Inc. 

(B) STREET: 1 DNA Way 

(C) CITY: South San Francisco 

(D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94080 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: WinPatin (Genentech) 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Marschang, Diane L. 

(B) REGISTRATION NUMBER: 35,600 

(C) REFERENCE/DOCKET NUMBER: PR1101P1 



71 



(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 650/225-5416 

(B) TELEFAX: 650/952-9881 

(C) TELEX: 910/371-7168 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 411 amino acids 

(B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Met Glu Gin Arg Gly Gin Asn Ala Pro Ala Ala Ser Gly Ala Arg 
1 5 10 15 

Lys Arg His Gly Pro Gly Pro Arg Glu Ala Arg Gly Ala Arg. Pro 
20 25 , 30 

Gly Leu Arg Val Pro Lys Thr Leu Val Leu Val Val Ala Ala Val 
35 40 45 

Leu Leu Leu Val Ser Ala Glu Ser Ala Leu He Thr Gin Gin Asp 
50 55 60 

Leu Ala Pro Gin Gin Arg Ala Ala Pro Gin Gin Lys Arg Ser Ser 
65 70 75 

Pro Ser Glu Gly Leu Cys Pro Pro Gly His His He Ser Glu Asp 
80 85 90 

Gly Arg Asp Cys He Ser Cys Lys Tyr Gly Gin Asp Tyr Ser Thr 
95 100 105 

His Trp Asn Asp Leu Leu Phe Cys Leu Arg Cys Thr Arg Cys Asp 
110 115 120 
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Ser Gly Glu Val Glu Leu Ser Pro Cys Thr Thr Thr Arg Asn Thr 
125 130 135 



Val Cys Gin Cys Glu Glu Gly Thr Phe Arg Glu Glu Asp Ser Pro 
140 145 150 

Glu Met Cys Arg Lys Cys Arg Thr Gly Cys Pro Arg Gly Met Val 
155 160 165 

Lys Val Gly Asp Cys Thr Pro Trp Ser Asp He Glu Cys Val His 
170 175 180 

Lys Glu Ser Gly He He He Gly Val Thr Val Ala Ala Val Val 
185 190 195 

Leu He Val Ala Val Phe Val Cys Lys Ser Leu Leu Trp Lys Lys 
200 205 210 

Val Leu Pro Tyr Leu Lys Gly He Cys Ser Gly Gly Gly Gly Asp 
215 220 225 

Pro Glu Arg Val Asp Arg Ser Ser Gin Arg Pro Gly Ala Glu Asp 
230 235 240 

Asn Val Leu Asn Glu He Val Ser He Leu Gin Pro Thr Gin Val 
245 250 255 

Pro Glu Gin Glu Met Glu Val Gin Glu Pro Ala Glu Pro Thr Gly 
260 265 270 

Val Asn Met Leu Ser Pro Gly Glu Ser Glu His Leu Leu Glu Pro 
275 280 285 



Ala Glu Ala Glu Arg Ser Gin Arg Arg Arg Leu Leu Val Pro Ala 
290 295 300 



Asn Glu Gly Asp Pro Thr Glu Thr Leu Arg Gin Cys Phe Asp Asp 
305 310 315 
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Phe Ala Asp Leu Val Pro Phe Asp Ser Trp Glu Pro Leu Met Arg 
320 325 330 



Lys Leu Gly Leu Met Asp Asn Glu He Lys Val Ala Lys Ala Glu 
335 340 345 

Ala Ala Gly His Arg Asp Thr Leu Tyr Thr Met Leu He Lys Trp 
350 355 360 

Val Asn Lys Thr Gly Arg Asp Ala Ser Val His Thr Leu Leu Asp 
365 370 375 

Ala Leu Glu Thr Leu Gly Glu Arg Leu Ala Lys Gin Lys He Glu 
380 385 390 

Asp His Leu Leu Ser Ser Gly Lys Phe Met Tyr Leu Glu Gly Asn 
395 400 405 . 

Ala Asp Ser Ala Xaa Ser 
410 411 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1799 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

CCCACGCGTC CGCATAAATC AGCACGCGGC CGGAGAACCC CGCAATCTCT 50 
GCGCCCACAA AATACACCGA CGATGCCCGA TCTACTTTAA GGGCTGAAAC 100 
CCACGGGCCT GAGAGACTAT AAGAGCGTTC CCTACCGCC ATG GAA 145 
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Met Glu 
1 



CAA CGG GGA CAG AAC GCC CCG GCC GCT TCG GGG GCC CGG 184 
Gin Arg Gly Gin Asn Ala Pro Ala Ala Ser Gly Ala Arg 
5 10 15 

AAA AGG CAC GGC CCA GGA CCC AGG GAG GCG CGG GGA GCC 223 
Lys Arg His Gly Pro Gly Pro Arg Glu Ala Arg Gly Ala 
20 25 

AGG CCT GGG CTC CGG GTC CCC AAG ACC CTT GTG CTC GTT 262 
Arg Pro Gly Leu Arg Val Pro Lys Thr Leu Val Leu Val 
30 35 40 



GTC GCC GCG GTC CTG CTG TTG GTC TCA GCT GAG TCT GCT 301 
Val Ala Ala Val Leu Leu Leu Val Ser Ale, Glu Ser Ala 
45 50 



CTG ATC ACC CAA CAA GAC CTA GCT CCC CAG CAG AGA GCG 340 
Leu He Thr Gin Gin Asp Leu Ala Pro Gin Gin Arg Ala 
55 60 65 

GCC CCA CAA CAA AAG AGG TCC AGC CCC TCA GAG GGA TTG 379 
Ala Pro Gin Gin Lys Arg Ser Ser Pro Ser Glu Gly Leu 
70 75 80 



TGT CCA CCT GGA CAC CAT ATC TCA GAA GAC GGT AGA GAT 418 
Cys Pro Pro Gly His His He Ser Glu Asp Gly Arg Asp 
85 90 

TGC ATC TCC TGC AAA TAT GGA CAG GAC TAT AGC ACT CAC 457 
Cys He Ser Cys Lys Tyr Gly Gin Asp Tyr Ser Thr His 
95 100 105 



TGG AAT GAC CTC CTT TTC TGC TTG CGC TGC ACC AGG TGT 496 
Trp Asn Asp Leu Leu Phe Cys Leu Arg Cys Thr Arg Cys 
110 H5 
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GAT TCA GGT GAA GTG GAG CTA AGT CCC TGC ACC ACG ACC 535 
Asp Ser Gly Glu Val Glu Leu Ser Pro Cys Thr Thr Thr 
120 125 130 

AGA AAC ACA GTG TGT CAG TGC GAA GAA GGC ACC TTC CGG 574 
Arg Asn Thr Val Cys Gin Cys Glu Glu Gly Thr Phe Arg 
135 140 145 

GAA GAA GAT TCT CCT GAG ATG TGC CGG AAG TGC CGC ACA 613 
Glu Glu Asp Ser Pro Glu Met Cys Arg Lys Cys Arg Thr 
150 155 

GGG TGT CCC AGA GGG ATG GTC AAG GTC GGT GAT TGT ACA 652 
Gly Cys Pro Arg Gly Met Val Lys Val Gly Asp Cys Thr 
160 165 170 

CCC TGG AGT GAC ATC GAA TGT GTC CAC AAA GAA TCA GGC 691 
Pro Trp Ser Asp He Glu Cys Val His Lys Glu Ser Gly 
175 180 
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ATC ATC ATA GGA GTC ACA GTT GCA GCC GTA GTC TTG ATT 730 
He lie He Gly Val Thr Val Ala Ala Val Val Leu He 
185 190 195 



GTG GCT GTG TTT GTT TGC AAG TCT TTA CTG TGG AAG AAA 769 
Val Ala Val Phe Val Cys Lys Ser Leu Leu Trp Lys Lys 
200 205 210 

GTC CTT CCT TAC CTG AAA GGC ATC TGC TCA GGT GGT GGT 808 
Val Leu Pro Tyr Leu Lys Gly He Cys Ser Gly Gly Gly 
215 220 

GGG GAC CCT GAG CGT GTG GAC AGA AGC TCA CAA CGA CCT 847 
Gly Asp Pro Glu Arg Val Asp Arg Ser Ser Gin Arg Pro 
225 230 235 

GGG GCT GAG GAC AAT GTC CTC AAT GAG ATC GTG AGT ATC 886 
Gly Ala Glu Asp Asn Val >Leu Asn Glu He Val Ser He 
240 245 

TTG CAG CCC ACC CAG GTC CCT GAG CAG GAA ATG GAA GTC 925 
Leu Gin Pro Thr Gin Val Pro Glu Gin Glu Met Glu Val 
250 255 260 

CAG GAG CCA GCA GAG CCA ACA GGT GTC AAC ATG TTG TCC 964 
Gin Glu Pro Ala Glu Pro Thr Gly Val Asn Met Leu Ser 
265 270 275 

CCC GGG GAG TCA GAG CAT CTG CTG GAA CCG GCA GAA GCT 1003 
Pro Gly Glu Ser Glu His Leu Leu Glu Pro Ala Glu Ala 
280 285 

GAA AGG TCT CAG AGG AGG AGG CTG CTG GTT CCA GCA AAT 1042 
Glu Arg Ser Gin Arg Arg Arg Leu Leu Val Pro Ala Asn 
290 295 300 

GAA GGT GAT CCC ACT GAG ACT CTG AGA CAG TGC TTC GAT 1081 
Glu Gly Asp Pro Thr Glu Thr Leu Arg Gin Cys Phe Asp 
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305 



310 



GAC TTT GCA GAC TTG GTG CCC TTT GAC TCC TGG GAG CCG 1120 
Asp Phe Ala Asp Leu Val Pro Phe Asp Ser Trp Glu Pro 
315 320 325 

CTC ATG AGG AAG TTG GGC CTC ATG GAC AAT GAG ATA AAG 1159 
Leu Met Arg Lys Leu Gly Leu Met Asp Asn Glu He Lys 
330 335 340 

GTG GCT AAA GCT GAG GCA GCG GGC CAC AGG GAC ACC TTG 1198 
Val Ala Lys Ala Glu Ala Ala Gly His Arg Asp Thr Leu 
345 350 

TAC ACG ATG CTG ATA AAG TGG GTC AAC AAA ACC GGG CGA 1237 
Tyr Thr Met Leu He Lys Trp Val Asn Lys Thr Gly Arg 
355 360 365 

GAT GCC TCT GTC CAC ACC CTG CTG GAT GCC TTG GAG ACG 1276 
Asp Ala Ser Val His Thr Leu Leu Asp Ala Leu Glu Thr 
370 375 

CTG GGA GAG AGA CTT GCC AAG CAG AAG ATT GAG GAC CAC 1315 
Leu Gly Glu Arg Leu Ala Lys Gin Lys He Glu Asp His 
380 385 390 

TTG TTG AGC TCT GGA AAG TTC ATG TAT CTA GAA GGT AAT 1354 
Leu Leu Ser Ser Gly Lys Phe Met Tyr Leu Glu Gly Asn 
395 400 405 
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GCA GAC TCT GCC WTG TCC TAAGTGTG ATTCTCTTCA GGAAGTGAGA 1400 
Ala Asp Ser Ala Xaa Ser 
410 411 

CCTTCCCTGG TTTACCTTTT TTCTGGAAAA AGCCCAACTG GACTCCAGTC 1450 

AGTAGGAAAG TGCCACAATT GTCACATGAC CGGTACTGGA AGAAACTCTC 1500 
CCATCCAACA TCACCCAGTG GATGGAACAT CCTGTAACTT TTCACTGCAC 1550 

TTGGCATTAT TTTTATAAGC TGAATGTGAT AATAAGGACA CTATGGAAAT 1600 

GTCTGGATCA TTCCGTTTGT GCGTACTTTG AGATTTGGTT TGGGATGTCA 1650 

TTGTTTTCAC AGCACTTTTT TATCCTAATG TAAATGCTTT ATTTATTTAT 1700 

TTGGGCTACA TTGTAAGATC CAT CT AC AAA AAAAAAAAAA AAAAAAAAAG 1:750 

GGCGGCCGCG ACTCTAGAGT CGACCTGCAG AAGCTTGGCC GCCATGGCC 1799 

(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

GGGAGCCGCT CATGAGGAAG TTGGGCCTCA TGGACAATGA GATAAAGGTG 50 
GCTAAAGCTG AGGCAGCGGG 70 
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(2) INFORMATION FOR SEQ ID NO: 4: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

ATCAGGGACT TTCCGCTGGG GACTTTCCG 29 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 
<D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 
AGGATGGGAA GTGTGTGATA TATCCTTGAT 30 
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What is claimed is: 

1. An antibody which specifically binds to Apo-2. 

2. The antibody of claim 1 which is a monoclonal antibody. 

3. The antibody of claim 1 which is an agonist antibody. 

4. The antibody of claim 1 which is a blocking antibody. 

5. The antibody of claim 1 which is a chimeric antibody. 

6. A hybridoma cell line which produces the antibody of claim 2. 

7. The antibody of claim 2 having the biological characteristics of 
the monoclonal antibody produced by the hybridoma cell line deposited 
under American Type Culture Collection Accession Number ATCC HB- 12456. 

8. The antibody of claim 2 wherein the antibody binds to the same 
epitope as the epitope to which the monoclonal antibody produced by the 
hybridoma cell line deposited under American Type Culture Collection 
Accession Number ATCC HB-12456 binds. 

9. The hybridoma cell line deposited under American Type Culture 
Collection Accession Number HB-12456. 

10. The monoclonal antibody produced by the hybridoma cell line 
deposited under American Type Culture Collection Accession Number ATCC 
HB-12456. 

11. An isolated nucleic acid encoding the Apo-2 antibody of claim 1. 

12. A composition comprising the antibody of claim 1 and a carrier. 

13. The composition of claim 12 wherein said carrier is a 
pharmaceutical^ acceptable carrier. 

14. A method of inducing apoptosis in mammalian cells comprising 
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exposing mammalian cells to an effective amount of an Apo-2 agonist 
antibody. 

15. An article of manufacture, comprising a container and a 
composition contained within the container, wherein the composition 
includes an Apo-2 antibody. 

16. The article of manufacture of claim 15 further comprising 
instructions for using the Apo-2 antibody in vivo or in vitro. 

17. A dimeric molecule comprising an Apo-2 antibody linked to a 
heterologous immunoglobulin. 

18. A homodimeric molecule comprising a first Apo-2 antibody and a 
second Apo-2 antibody. 
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Abstract of the Disclosure 
Novel polypeptides, designated Apo-2, which are capable of 
modulating apoptosis are provided. Compositions including Apo-2 
chimeras, nucleic acid encoding Apo-2, and antibodies to Apo-2 are also 
provided. 
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15 

FIELD OF THE INVENTION 
The present invention relates generally to the 
identification, isolation, and recombinant production of novel 
polypeptides, designated herein as Apo-2, and to anti-Apo-2 
20 antibodies. 

BACKGROUND OF THE INVENTION 
Apoptosis or "Programmed Cell Death" 

Control of cell numbers in mammals is believed to be 
25 determined, in part, by a balance between cell proliferation and 
cell death. One form of cell death, sometimes referred to as 
necrotic cell death, is typically characterized as a pathologic 
form of cell death resulting from some trauma or cellular injury. 
In contrast, there is another, "physiologic" form of cell death 
30 which usually proceeds in an orderly or controlled manner. This 
orderly or controlled form of cell death is often referred to as 
"apoptosis" [see, e.g., Barr et al . , Bio/Technology , 12 : 487-493 
(1994); Steller et al., Science , 267:1445-1449 (1995)]. Apoptotic 
cell death naturally occurs in many physiological processes, 
35 including embryonic development and clonal selection in the immune 
system [Itoh et al . , Cell , 66:233-243 (1991)]. Decreased levels of 
apoptotic cell death have been associated with a variety of 
pathological conditions, including cancer, lupus, and herpes virus 
infection [Thompson, Science , 267 : 1456-1462 (1995)]. Increased 

i ADE-34 
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levels of apoptotic cell death may be associated with a variety of 
other pathological conditions, including AIDS, Alzheimer's disease, 
Parkinson's disease, amyotrophic lateral sclerosis, multiple 
sclerosis, retinitis pigmentosa, cerebellar degeneration, aplastic 
5 anemia, myocardial infarction, stroke, reperfusion injury, and 
toxin-induced liver disease [see, Thompson, supra] . 

Apoptotic cell death is typically accompanied by one or 
more characteristic morphological and bibchemical changes in cells, 
such as condensation of cytoplasm, loss of plasma membrane 
10 microvilli, segmentation of the nucleus, degradation of chromosomal 
DNA or loss of mitochondrial function. A variety of extrinsic and 
intrinsic signals are believed to trigger or induce such 
morphological and biochemical cellular changes [Raff, Nature , 
356:397-400 (1992); Steller, supra ; Sachs et al . , Blood . 82:15 
15 (1993)]. For instance, they can be triggered by hormonal stimuli, 
such as glucocorticoid hormones for immature thymocytes, as well as 
withdrawal of certain growth factors [Watanabe-Fukunaga et al . , 
Nature, 356:314-317 (1992)]. Also, some identified oncogenes such 
as myc, rel , and E1A, and tumor suppressors, like p53, have been 
20 reported to have a role in inducing apoptosis. Certain 
chemotherapy drugs and some forms of radiation have likewise been 
observed to have apoptosis -inducing activity [Thompson, supra ] . 

TNF Family of Cytokines 

25 Various molecules, such as tumor necrosis factor-a 

( " TNF -a 11 ) , tumor necrosis factor-P ( "TNF-P" or " lymphotoxin" ) , CD30 
ligand, CD27 ligand, CD40 ligand, OX-40 ligand, 4 -IBB ligand, Apo-1 
ligand (also referred to as Fas ligand or CD95 ligand), and Apo-2 
ligand (also referred to as TRAIL) have been identified as members 

30 of the tumor necrosis factor ("TNF") family of cytokines [See, 
e.g., Gruss and Dower, Blood , 85:3378-3404 (1995); Wiley et al . , 
Immunity, 3:673-682 (1995); Pitti et al . , J. Biol. chP.m. 
271:12687-12690 (1996); WO 97/01633 published January 16, 1997]. 
Among these molecules, TNF -a, TNF-p, CD30 ligand, 4-1BB ligand, 

35 Apo-1 ligand, and Apo-2 ligand (TRAIL) have been reported to be 
involved in apoptotic cell death. Both TNF -a and TNF-p have been 
reported to induce apoptotic death in susceptible tumor cells 
[Schmid et al . , Proc. Natl. Acad. Sci . , 83:1881 (1986); Dealtry et 
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al . , Eur. J. Immunol. , 17:689 (1987)]. Zheng et al. have reported 
that TNF-a is involved in post-stimulation apoptosis of CD8- 
positive T cells [Zheng et al., Nature , 377 :348-351 (1995)]. Other 
investigators have reported that CD30 ligand may be involved in 
5 deletion of self -reactive T cells in the thymus [Amakawa et al . , 
Cold Spring"'"Harbor Laboratory Symposium on Programmed Cell Death, 
Abstr. No. 10, (1995) ] . 

Mutations in the mouse Fas/Apo-1 receptor or ligand 
genes (called Ipr and gld, respectively) have been associated with 

10 some autoimmune disorders, indicating that Apo-1 ligand may play a 
role in regulating the clonal deletion of self -reactive lymphocytes 
in the periphery [Krammer et al., Curr . Op . Immunol . , 6:279-289 
(1994); Nagata et al., Science , 267:1449-1456 (1995)]. Apo-1 
ligand is also reported to induce post-stimulation apoptosis in 

15 CD4 -positive T lymphocytes and in B lymphocytes, and may be 
involved in the elimination of activated lymphocytes when their 
function is no longer needed [Krammer et al . , supra ; Nagata et al . , 
supra ] . Agonist mouse monoclonal antibodies specifically binding 
to the Apo-1 receptor have been reported to exhibit cell killing 

20 activity that is comparable to or similar to that of TNF-a 
[Yonehara et al . , J. Exp. Med. , 169:1747-1756 (1989)]. 

TNF Family of Receptors 

Induction of various cellular responses mediated by such 
25 TNF family cytokines is believed to be initiated by their binding 
to specific cell receptors. Two distinct TNF receptors of 
approximately 55-kDa (TNFR1) and 75-kDa (TNFR2) have been 
identified [Hohman et al . , J. Biol . Chem. , 264 : 14927-14934 (1989); 
Brockhaus et al . , Proc . Natl . Acad . Sci . , 87:3127-3131 (1990); EP 
30 417,563, published March 20, 1991] and human and mouse cDNAs 
corresponding to both receptor types have been isolated and 
characterized [Loetscher et al . , Cell , 61:351 (1990); Schall et 
al., Cell , 61:361 (1990); Smith et al . , Science , 248:1019-1023 
(1990); Lewis et al . , Proc. Natl. Acad. Sci. , 88:2830-2834 (1991); 
35 Goodwin et al . , Mol . Cell. Biol. , 11:3020-3026 (1991)]. Extensive 
polymorphisms have been associated with both TNF receptor genes 
[see, e.g., Takao et al., Immunocrene t i c s , 37:199-203 (1993)]. Both 
TNFRs share the typical structure of cell surface receptors 
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including extracellular, transmembrane and intracellular regions. 
The extracellular portions of both receptors are found naturally 
also as soluble TNF-binding proteins [Nophar, Y . et al . , EMBO J. , 
9:3269 (1990); and Kohno, T. et al., Proc . Natl. Acad. Sci. U.S.A. , 
5 £7:8331 (1990)]. The cloning of recombinant soluble TNF receptors 
was reported by Hale et al . [ J. Cell. Biochem. Supplement 15F . 
1991, p. 113 (P424) ] . 

The extracellular portion of type 1 and type 2 TNFRs 
(TNFR1 and TNFR2) contains a repetitive amino acid sequence pattern 

10 of four cysteine-rich domains (CRDs) designated 1 through 4, 
starting from the NH 2 - terminus . Each CRD is about 40 amino acids 
long and contains 4 to 6 cysteine residues at positions which are 
well conserved [Schall et al . , supra ; Loetscher et al . , supra ; 
Smith et al . , supra ; Nophar et al . , supra ; Kohno et al . , supra ] . 

15 In TNFR1 , the approximate boundaries of the four CRDs are as 
follows: CRD1- amino acids 14 to about 53; CRD2- amino acids from 
about 54 to about 97; CRD3- amino acids from about 98 to about 138; 
CRD4- amino acids from about 139 to about 167. In TNFR2 , CRD1 
includes amino acids 17 to about 54; CRD2- amino acids from about 

20 55 to about 97; CRD3- amino acids from about 98 to about 140; and 
CRD4- amino acids from about 141 to about 179 [Banner et al . , Cell , 
73:431-435 (1993)]. The potential role of the CRDs in ligand 
binding is also described by Banner et al . , supra . 

A similar repetitive pattern of CRDs exists in several 

25 other cell-surface proteins, including the p75 nerve growth factor 
receptor (NGFR) [Johnson et al . , Cell , 47:545 (1986); Radeke et 
al., Nature , 325:593 (1987)], the B cell antigen CD40 [Stamenkovic 
et al., EMBO J . , 8:1403 (1989)], the T cell antigen OX40 [Mallet et 
al., EMBO J . , 9:1063 (1990)] and the Fas antigen [Yonehara et al . , 

30 supra and Itoh et al . , supra ] . CRDs are also found in the soluble 
TNFR (sTNFR) - like T2 proteins of the Shope and myxoma poxviruses 
[Upton et al., Virology , 160:20-29 (1987); Smith et al., Biochem. 
Biophvs . Res . Commun . , 176:335 (1991); Upton et al . , Virology . 
184:370 (1991)]. Optimal alignment of these sequences indicates 

35 that the positions of the cysteine residues are well conserved. 
These receptors are sometimes collectively referred to as members 
of the TNF/NGF receptor superfamily. Recent studies on p75NGFR 
showed that the deletion of CRD1 [Welcher, A. A. et al . , Proc. Natl. 
Acad. Sci . USA , 88:159-163 (1991)] or a 5-amino acid insertion in 
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this domain [Yan, H. and Chao, M.V., J. Biol. Chem. , 266:12099- 
12104 (1991)] had little or no effect on NGF binding [Yan, H. and 
Chao, M.V., supra l . p75 NGFR contains a proline-rich stretch of 
about 6 0 amino acids, between its CRD4 and transmembrane region, 
5 which is not involved in NGF binding [Peetre, C. et al., Eur . J . 
Hematol . , 4TS414-419 (1988); Seckinger, P. et al., J. Biol. Chem. , 
264:11966-11973 (1989); Yan, H. and Chao, M.V. , supra ] . A similar 
proline-rich region is found in TNFR2 but* not in TNFR1 . 

Itoh et al. disclose that the Apo-1 receptor can signal 

10 an apoptotic cell death similar to that signaled by the 55-kDa 
TNFR1 [Itoh et al . , supra]. Expression of the Apo-1 antigen has 
also been reported to be down- regulated along with that of TNFRl 
when cells are treated with either TNF-a or anti-Apo-1 mouse 
monoclonal antibody [Krammer et al . , supra; Nagata et al . , supra]. 

15 Accordingly, some investigators have hypothesized that cell lines 
that co- express both Apo-1 and TNFRl receptors may mediate cell 
killing through common signaling pathways [ Id. ] . 

The TNF family ligands identified to date, with the 
exception of lymphotoxin-a, are type II transmembrane proteins, 

20 whose C- terminus is extracellular. In contrast, the receptors in 
the TNF receptor (TNFR) family identified to date are type I 
transmembrane proteins. In both the TNF ligand and receptor 
families, however, homology identified between family members has 
been found mainly in the extracellular domain ( "ECD" ) . Several of 

25 the TNF family cytokines, including TNF-a, Apo-1 ligand and CD40 
ligand, are cleaved proteolytically at the cell surface; the 
resulting protein in each case typically forms a homotrimeric 
molecule that functions as a soluble cytokine. TNF receptor family 
proteins are also usually cleaved proteolytically to release 

30 soluble receptor ECDs that can function as inhibitors of the 
cognate cytokines . 

Recently, other members of the mammalian TNFR family 
have been identified. In Marsters et al., Curr. Biol. , 6:750 
(1996), investigators describe a full length native sequence human 

35 polypeptide, called Apo-3, which exhibits similarity to the TNFR 
family in its extracellular cysteine-rich repeats and resembles 
TNFRl and CD95 in that it contains a cytoplasmic death domain 
sequence [see also Marsters et al . , Curr. Biol. , 6:1669 (1996)]. 
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Apo-3 has also been referred to by other investigators as DR3, wsl- 
1 and TRAMP [Chinnaiyan et al., Science . 274:990 (1996); Kitson et 
al., Nature, 384:372 (1996); Bodmer et al., Immunity , 6:79 (1997)]. 

Pan et al. have disclosed another TNF receptor family 
member referred to as "DR4" [Pan et al., Science . 276: 111-113 
(1997)]. The"DR4 was reported to contain a cytoplasmic death 
domain capable of engaging the cell suicide apparatus. Pan et al . 
disclose that DR4 is believed to be a receptor for the ligand known 
as Apo-2 ligand or TRAIL. 

The Apopto sis -Inducing Signaling Complex 

As presently understood, the cell death program contains 
at least three important elements - activators., inhibitors, and 
effectors; in C. elegrans, these elements are encoded respectively 
by three genes, Ced-4, Ced-9 and Ced-3 [Steller, Science . 267:1445 
(1995); Chinnaiyan et al . , Science . 275:1122-1126 (1997)]. Two of 
the TNFR family members, TNFR1 and Fas/Apol (CD95) , can activate 
apoptotic cell death [Chinnaiyan and Dixit, Current Biology , 6:555- 
562 (1996); Fraser and Evan, Cell ; 85:781-784 (1996)]. TNFR1 is 
also known to mediate activation of the transcription factor, NF-kB 
[Tartaglia et al . , Cell . 74:845-853 (1993); Hsu et al . , Cell . 
84:299-308 (1996)]. In addition to some ECD homology, these two 
receptors share homology in their intracellular domain (ICD) in an 
oligomerization interface known as the death domain [Tartaglia et 
al., supra ; Nagata, Cell, 88:355 (1997)]. Death domains are also 
found in several metazoan proteins that regulate apoptosis, namely, 
the Drosophila protein, Reaper, and the mammalian proteins referred 
to as FADD/MORT1 , TRADD, and RIP [Cleaveland and Ihle, Cell , 
81:479-482 (1995)]. Using the yeast-two hybrid system, Raven et al . 
report the identification of protein, wsl-1, which binds to the 
TNFR1 death domain [Raven et al .,' Programmed Cell Death Meeting, 
September 20-24, 1995, Abstract at page 127; Raven et al. , European 
Cytokine Network, 7:Abstr. 82 at page 210 (April-June 1996)]. The 
wsl-l protein is described as being homologous to TNFR1 (48% 
identity) and having a restricted tissue distribution. According 
to Raven et al., the tissue distribution of wsl-l is significantly 
different from the TNFR1 binding protein, TRADD. 

Upon ligand binding and receptor clustering, TNFRl and 
CD95 are believed to recruit FADD into a death- inducing signalling 
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complex. CD95 purportedly binds FADD directly, while TNFR1 binds 
FADD indirectly via TRADD [Chinnaiyan et al . , cell , 81:505-512 

(1995) ; Boldin et al., J. Biol. Chem. , 270:387-391 (1995); Hsu et 
al., supra; Chinnaiyan et al . , J. Biol, ch^m , 271:4961-4965 

(1996) ]. it has been reported that FADD serves as an adaptor 
protein which "recruits the Ced-3- related protease, MACHct/FLlCE 
(caspase 8), into the death signalling complex [Boldin et al . , 
Cell, 85:803-815 (1996); Muzio et al . , " Cell . 85:817-827 (1996)]. 
MACHot/FLICE appears to be the trigger that sets off a cascade of 
apoptotic proteases, including the interleukin-lp converting enzyme 
(ICE) and CPP32/Yama, which may execute some critical aspects of 
the cell death programme [Fraser and Evan, supra ] . 

It was recently disclosed that programmed cell death 
involves the activity of members of a family of cysteine proteases 
related to the C. elegans cell death gene, ced-3, and to the 
mammalian IL-l-converting enzyme, ICE. The activity of the ICE and 
CPP32/Yama proteases can be inhibited by the product of the cowpox 
virus gene, crmA [Ray et al., Cell . 69:597-604 (1992); Tewari et 
al., Cell, 81:801-809 (1995)]. Recent studies show that CrmA can 
inhibit TNFR1- and CD95-induced cell death [Enari et al . , Nature . 
375:78-81 (1995); Tewari et al . , J. Biol. Chgm. . 270:3255-3260 

(1995) ] . 

As reviewed recently by Tewari et al . , TNFR1, TNFR2 and 
CD40 modulate the expression of proinflammatory and costimulatory 
cytokines, cytokine receptors, and cell adhesion molecules through 
activation of the transcription factor, NF-kB [Tewari et al . , Curr. 
Op. Genet. Develop. , 6:39-44 (1996)]. NF-kB is the prototype of a 
family of dimeric transcription factors whose subunits contain 
conserved Rel regions [Verma et al . , Genes Develop. . 9:2723-2735 

(1996) ; Baldwin, Ann. Rev. Immunol . . 14:649-681 (1996)]. In its 
latent form, NF-kB is complexed with members of the IkB inhibitor 
family; upon inactivation of the IkB in response to certain stimuli, 
released NF-kB translocates to the nucleus where it binds to 
specific DNA sequences and activates gene transcription. 

For a review of the TNF family of cytokines and their 
receptors, see Gruss and Dower, supra . 
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SUMMARY OF THE INVENTION 
Applicants have identified cDNA clones that encode novel 
polypeptides, designated in the present application as "Apo-2." It 
is believed that Apo-2 is a member of the TNFR family; full-length 
native sequence human Apo-2 polypeptide exhibits some similarities 
to some known TNFRs , including a cytoplasmic death domain region. 
Full-length native sequence human Apo-2 also exhibits similarity to 
the TNFR family in its extracellular cy6teine-rich repeats. Apo-2 
polypeptide has been found to be capable of triggering caspase- 
dependent apoptosis and activating NF-kB. Applicants surprisingly 
found that a soluble extracellular domain of Apo-2 binds Apo-2 
ligand ( M Apo-2L") and can inhibit Apo-2 ligand function. It is 
presently believed that Apo-2 ligand can signal via at least two 
different receptors, DR4 and the newly described Apo-2 herein. 

In one embodiment, the invention provides isolated Apo-2 
polypeptide. In particular, the invention provides isolated native 
sequence Apo-2 polypeptide, which in one embodiment, includes an 
amino acid sequence comprising residues 1 to 411 of Figure 1 (SEQ 
ID N0:1). In other embodiments, the isolated Apo-2 polypeptide 
comprises at least about 80% amino acid sequence identity with 
native sequence Apo-2 polypeptide comprising residues 1 to 411 of 
Figure 1 (SEQ ID NO:l). Optionally, the Apo-2 polypeptide is 
obtained or obtainable by expressing the polypeptide encoded by the 
cDNA insert of the vector deposited as ATCC 209021. 

In another embodiment, the invention provides an 
isolated extracellular domain (ECD) sequence of Apo-2. Optionally, 
the isolated extracellular domain sequence comprises amino acid 
residues 54 to 182 of Fig. 1 (SEQ ID NO:l) . 

In another embodiment, the invention provides an 
isolated death domain sequence of Apo-2. Optionally, the isolated 
death domain sequence comprises amino acid residues 324 to 3 91 of 
Fig. 1 (SEQ ID N0:1) . 

In another embodiment, the invention provides chimeric 
molecules comprising Apo-2 polypeptide fused to a heterologous 
polypeptide or amino acid sequence. An example of such a chimeric 
molecule comprises an Apo-2 fused to an immunoglobulin sequence. 
Another example comprises an extracellular domain sequence of Apo-2 
fused to a heterologous polypeptide or amino acid sequence, such as 
an immunoglobulin sequence. 
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In another embodiment, the invention provides an 
isolated nucleic acid molecule encoding Apo-2 polypeptide. In one 
aspect, the nucleic acid molecule is RNA or DNA that encodes an 
Apo-2 polypeptide or a particular domain of Apo-2, or is 
complementary to such encoding nucleic acid sequence, and remains 
stably bound to it under at least moderate, and optionally, under 
high stringency conditions. Such complementary nucleic acid may be 
fully complementary to the entire length of the RNA or DNA. It is 
contemplated that the complementary nucleic acid may also be 
complementary to only a fragment of the RNA or DNA nucleotide 
sequence. In one embodiment, the nucleic acid sequence is selected 
from: 

(a) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID N0:2) that codes for residue 1 to residue 411 
(i.e., nucleotides 140-142 through 1370-1372), inclusive; 

(b) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO:2) that codes for residue 1 to residue 182 
(i.e., nucleotides 140-142 through 683-685), inclusive; 

(c) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO: 2) that codes for residue 54 to residue 182 
(i.e., nucleotides 299-301- through 683-685), inclusive; 

(d) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO: 2) that codes for residue 324 to residue 3 91 
(i.e., nucleotides 1109-1111 through 1310-1312), inclusive; or 

(e) a sequence corresponding to the sequence of (a) , 
(b) , (c) or (d) within the scope of degeneracy of the genetic code. 
The isolated nucleic acid may comprise the Apo-2 polypeptide cDNA 
insert of the vector deposited as ATCC 209021 which includes the 
nucleotide sequence encoding Apo-2 polypeptide. 

In a further embodiment, the invention provides, a vector 
comprising the nucleic acid molecule encoding the Apo-2 polypeptide 
or particular domain of Apo-2. A host cell comprising the vector 
or the nucleic acid molecule is also provided. A method of 
producing Apo-2 is further provided. 

In another embodiment, the invention provides an 
antibody which specifically binds to Apo-2. The antibody may be an 
agonistic, antagonistic or neutralizing antibody. Single-chain 
antibodies and dimeric molecules, in particular homodimeric 
molecules, comprising Apo-2 antibody are also provided. 
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In another embodiment, the invention provides non-human, 
transgenic or knock-out animals. 

A further embodiment of the invention provides articles 
of manufacture and kits that include Apo-2 or Apo-2 antibodies. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows the nucleotide sequence of a native 
sequence human Apo-2 cDNA (SEQ ID N0:2) and its derived amino acid 
sequence (SEQ ID N0:1) . 

Figure 2A shows the derived amino acid sequence of a 
native sequence human Apo-2 - the putative signal sequence is 
underlined, the putative transmembrane domain is boxed, and the 
putative death domain sequence is dash underlined. The cysteines 
of the two cysteine-rich domains are individually underlined. 

Figure 2B shows an alignment and comparison of the death 
domain sequences of native sequence human Apo-2, DR4, Apo-3/DR3, 
TNFR1, and Fas/Apo-1 (CD95) . Asterisks indicate residues that are 
essential for death signaling by TNFRl [Tartaglia et al . , supra l . 

Figure 3 shows the interaction of the Apo-2 ECD with 
Apo-2L. Supernatants from mock- transf ected 293 cells or from 293 
cells transfected with Flag epitope-tagged Apo-2 ECD were incubated 
with poly-His-tagged Apo-2L and subjected to immunoprecipitation 
with anti-Flag conjugated or Nickel conjugated agarose beads. The 
precipitated proteins were resolved by electrophoresis on 
polyacrylamide gels, and detected by immunoblot with anti-Apo-2L or 
ant i- Flag antibody. 

Figure 4 shows the induction of apoptosis by Apo-2 and 
inhibition of Apo-2L activity by soluble Apo-2 ECD. Human 293 
cells (A, B) or HeLa cells (C) were transfected by pRK5 vector or 
by pRK5-based plasmids encoding Apo-2 and/or CrmA. Apoptosis was 
assessed by morphology (A) , DNA fragmentation (B) , or by FACS (C- 
E) . Soluble Apo-2L was pre-incubated with buffer or affinity- 
purified Apo-2 ECD together with anti-Flag antibody or Apo-2 ECD 
immunoadhesin or DR4 or TNFRl immunoadhesins and added to HeLa 
cells. The cells were later analyzed for apoptosis (D) . Dose- 
response analysis using Apo-2L with Apo-2 ECD immunoadhesin was 
also determined (E) . 

Figure 5 shows activation of NF-kB by Apo-2, DR4, and 
Apo-2L. (A) HeLa cells were transfected with expression plasmids 
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encoding the indicated proteins. Nuclear extracts were prepared 
and analyzed by an electrophoretic mobility shift assay. (B) HeLa 
cells or MCF7 cells were treated with buffer, Apo-2L or TNF-alpha 
and assayed for NF-kB activity. (C) HeLa cells were preincubated 
5 with buffer, ALLN or cyclohexamide before addition of Apo-2L. 
Apoptosis was later analyzed by FACS. 

Figure 6A shows expression of Apo-2 mRNA in human 
tissues as analyzed by Northern hybridization of human tissue poly 
A RNA blots . 

10 Figure 6B shows expression of Apo-2 mRNA in human cancer 

cell lines as analyzed by Northern hybridization of human cancer 
cell line poly A RNA blots. 

Figure 7 shows the FACS analysis of an Apo-2 antibody, 
3F11.39.7 (illustrated by the bold lines) as compared to IgG 
15 controls (dotted lines). The 3F11.39.7 antibody recognized the 
Apo-2 receptor expressed in human 9D cells. 

Figure 8 is a graph showing percent (%) apoptosis 
induced in 9D cells by Apo-2 antibody 3F11.39.7, in the absence of 
goat ant i -mouse IgG Fc. 
20 Figure 9 is a bar diagram showing percent (%) apoptosis, 

as compared to Apo-2L, in 9D cells by Apo-2 antibody 3F11.39.7 in 
the presence or absence of goat anti-mouse IgG Fc . 

Figure 10 is a bar diagram illustrating the ability of 
Apo-2 antibody 3F11.39.7 to block the apoptosis induced by Apo-2L 
25 in 9D cells . 

Figure 11 is a graph showing results of an EL ISA testing 
binding of Apo-2 antibody 3F11.39.7 to Apo-2 and to other known 
Apo-2L receptors referred to as DR4, DcRl , and DcR2 . 

Figure 12A is a graph showing the results of an ELISA 
30 assay evaluating binding of the 16E2 antibody to Apo-2, DR4, DcRl, 
DcR2 and CD4-Ig. 

Figure 12B is a graph showing the results of an ELISA 
assay evaluating binding of the 20E6 antibody to Apo-2, DR4, DcRl, 
DcR2 and CD4-Ig. 

35 Figure 12C is a graph showing the results of an ELISA 

assay evaluating binding of the 24C4 antibody to Apo-2, DR4, DcRl, 
DcR2 and CD4-Ig. 
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Figure 13A is a graph showing agonistic activity of the 
16E2 antibody, as compared to Apo-2L, in an apoptosis assay 
(crystal violet stain) using SK-MES-1 cells. 

Figure 13B is a bar diagram showing agonistic activity 
5 of the 16E2 antibody, as compared to 7D5 scFv antibody (an anti- 
tissue factor antibody) , in an apoptosis assay (crystal violet 
stain) using SK-MES-1 cells. 

Figure 13C is a bar diagram showing agonistic activity 
of the 16E2 antibody, as compared to 7D5 scFv antibody, in an 
10 apoptosis assay (annexin V-biotin/streptavidin- [S 35 ] ) using SK-MES- 
1 cells. 

Figure 14A is a graph showing agonistic activity of the 
20E6 antibody, as compared to Apo-2L, in an apoptosis assay 
(crystal violet stain) using SK-MES-1 cells. 
15 Figure 14B is a graph showing agonistic activity of the 

20E6 antibody by a comparison between results obtained in the 
crystal violet and annexin V-biotin/streptavidin- [S 35 ] apoptosis 
assays . 

Figure 14C is a graph showing agonistic activity of gD- 
20 tagged 16E2 antibody, as compared to Apo-2L, in an apoptosis assay 
(crystal violet stain) using SK-MES-1 cells 

Figure 15A shows the nucleotide sequence of the single 
chain antibody (scFv) fragment referred to as 16E2 (SEQ ID N0:6). 

Figure 15B shows the nucleotide sequence of the single 
25 chain antibody (scFv) fragment referred to as 20E6 (SEQ ID NO: 7) . 

Figure 15C shows the nucleotide sequence of the single 
chain antibody (scFv) fragment referred to as 24C4 (SEQ ID NO:8). 

Figure 16 shows the single chain antibody (scFv) 
fragments referred to as 16E2, 20E6 and 24C4, with the respective 
30 amino acid sequences for the signal sequence and the heavy and 
light chain CDR regions identified (CDR1, CDR2, and CDR3 regions 
are underlined) . 



3 5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

I . Definitions 

The terms "Apo-2 polypeptide" and "Apo-2" when used 
herein encompass native sequence Apo-2 and Apo-2 variants (which 
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are further defined herein) . These terms encompass Apo-2 from a 
variety of mammals, including humans. The Apo-2 may be isolated 
from a variety of sources, such as from human tissue types or from 
another source, or prepared by recombinant or synthetic methods. 

A "native sequence Apo-2" comprises a polypeptide having 
the same amino^ acid sequence as an Apo-2 derived from nature. 
Thus, a native sequence Apo-2 can have the amino acid sequence of 
naturally-occurring Apo-2 from any mammal. Such native sequence 
Apo-2 can be isolated from nature or can be produced by recombinant 
or synthetic means. The term "native sequence Apo-2" specifically 
encompasses naturally-occurring truncated or secreted forms of the 
Apo-2 (e.g., an extracellular domain sequence), naturally-occurring 
variant forms (e.g., alternatively spliced forms) and naturally- 
occurring allelic variants of the Apo-2. A naturally-occurring 
variant form of the Apo-2 includes an Apo-2 having an amino acid 
substitution at residue 410 in the amino acid sequence shown in 
Figure 1 (SEQ ID N0:1). In one embodiment of such naturally- 
occurring variant form, the leucine residue at position 410 is 
substituted by a methionine residue. In Fig. 1 (SEQ ID N0:1), the 
amino acid residue at position 410 is identified as "Xaa" to 
indicate that the amino acid may, optionally,- be either leucine or 
methionine. In Fig. 1 (SEQ ID N0:2), the nucleotide at position 
1367 is identified as "W" to indicate that the nucleotide may be 
either adenine (A) or thymine (T) or uracil (U) . In one embodiment 
of the invention, the native sequence Apo-2 is a mature or full- 
length native sequence Apo-2 comprising amino acids 1 to 411 of 
Fig. 1 (SEQ ID NO:l). Optionally, the Apo-2 is obtained or 
obtainable by expressing the polypeptide' encoded by the cDNA insert 
of the vector deposited as ATCC 209021. 

The "Apo-2 extracellular domain" or "Apo-2 ECD" refers 
to a form of Apo-2 which is essentially free of the transmembrane 
and cytoplasmic domains of Apo-2. Ordinarily, Apo-2 ECD will have 
less than 1% of such transmembrane and/or cytoplasmic domains and 
preferably, will have less than 0.5% of such domains. Optionally, 
Apo-2 ECD will comprise amino acid residues 54 to 182 of Fig. 1 
(SEQ ID NO:l) or amino acid residues 1 to 182 of Fig. 1 (SEQ ID 
NO:l). Optionally, Apo-2 ECD will comprise one or more cysteine- 
rich domains, and preferably, one or both of the cysteine-rich 
domains identified herein (see Figure 2A) . It will be understood 
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by the skilled artisan that the transmembrane domain identified for 
the Apo-2 polypeptide herein is identified pursuant to criteria 
routinely employed in the art for identifying that type of 
hydrophobic domain. The exact boundaries of a transmembrane domain 
5 may vary but most likely by no more than about 5 amino acids at 
either end of the domain specifically mentioned herein. 

"Apo-2 variant" means a biologically active Apo-2 as 
defined below having at least about 8 0% amino acid sequence 
identity with the Apo-2 having the deduced amino acid sequence 

10 shown in Fig. 1 (SEQ ID NO:l) for a full-length native sequence 
human Apo-2 or the sequences identified herein for Apo-2 ECD or 
death domain. Such Apo-2 variants include, for instance, Apo-2 
polypeptides wherein one or more amino acid residues are added, or 
deleted, at the N- or C- terminus of the sequence of Fig. 1 (SEQ ID 

15 NO:l) or the sequences identified herein for Apo-2 ECD or death 
domain. Ordinarily, an Apo-2 variant will have at least about 80% 
amino acid sequence identity, more preferably at least about 90% 
amino acid sequence identity, and even more preferably at least 
about 95% amino acid sequence identity with the amino acid sequence 

20 of Fig. l (SEQ ID NO:l) or the sequences identified herein for Apo- 
2 ECD or death domain. 

"Percent (%) amino acid sequence identity" with respect 
to the Apo-2 sequences identified herein is defined as the 
percentage of amino acid residues in a candidate sequence that are 

25 identical with the amino acid residues in the Apo-2 sequence, after 
aligning the sequences and introducing gaps, if necessary, to 
achieve the maximum percent sequence identity, and not considering 
any conservative substitutions as part of the sequence identity. 
Alignment for purposes of determining percent amino acid sequence 

3 0 identity can be achieved in various ways that are within the skill 
in the art, for instance, using publicly available computer 
software such as ALIGN™ or Megalign (DNASTAR) software. Those 
skilled in the art can determine appropriate parameters for 
measuring alignment, including any algorithms needed to achieve 

3 5 maximal alignment over the full length of the sequences being 
compared. 

The term "epitope tagged" when used herein refers to a 
chimeric polypeptide comprising Apo-2 or Apo-2 antibody, or a 
domain sequence thereof, fused to a "tag polypeptide". The tag 
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polypeptide has enough residues to provide an epitope against which 
an antibody can be made, yet is short enough such that it does not 
interfere with activity of the Apo-2 or Apo-2 antibody. The tag 
polypeptide preferably also is fairly unique so that the antibody 
does not substantially cross-react with other epitopes. Suitable 
tag polypeptides generally have at least six amino acid residues 
and usually between about 8 to^ about 50 amino acid residues 
(preferably, between about 10 to about 20 residues) . 

"Isolated," when used to describe the various 
polypeptides disclosed herein, means polypeptide that has been 
identified and separated and/or recovered from a component of its 
natural environment. Contaminant components of its natural 
environment . are materials that would typically interfere with 
diagnostic or therapeutic uses for the polypeptide, and may include 
enzymes, hormones, and other proteinaceous or non-proteinaceous 
solutes. In preferred embodiments, the polypeptide will be 
purified (1) to a degree sufficient to obtain at least 15 residues 
of N- terminal or internal amino acid sequence by use of a spinning 
cup sequenator, or (2) to homogeneity by SDS-PAGE under non- 
reducing or reducing conditions using Coomassie blue or, 
preferably, silver stain. Isolated polypeptide includes 

polypeptide in situ within recombinant cells, since at least one 
component of the Apo-2 natural environment will not be present. 
Ordinarily, however, isolated polypeptide will be prepared by at 
least one purification step. 

An "isolated" Apo-2 nucleic acid molecule is a nucleic 
acid molecule that is identified and separated from at least one 
contaminant nucleic acid molecule with which it is ordinarily 
associated in the natural source of the Apo-2 nucleic acid. An 
isolated Apo-2 nucleic acid molecule is other than in the form or 
setting in which it is found in nature. Isolated Apo-2 nucleic 
acid molecules therefore are distinguished from the Apo-2 nucleic 
acid molecule as it exists in natural cells. However, an isolated 
Apo-2 nucleic acid molecule includes Apo-2 nucleic acid molecules 
contained in cells that ordinarily express Apo-2 where, for 
example, the nucleic acid molecule is in a chromosomal location 
different from that of natural cells. 

The term "control sequences" refers to DNA sequences 
necessary for the expression of an operably linked coding sequence 
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in a particular host organism. The control sequences that are 
suitable for prokaryotes, for example, include a promoter, 
optionally an operator sequence, and a ribosome binding site. 
Eukaryotic cells are known to utilize promoters, polyadenylation 
5 signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into 
a functional relationship with another nucleic acid sequence. For 
example, DNA for a presequence or secretory leader is operably 
linked to DNA for a polypeptide if it is expressed as a preprotein 

10 that participates in the secretion of the polypeptide; a promoter 
or enhancer is operably linked to a coding sequence if it affects 
the transcription of the sequence; or a ribosome binding site is 
operably linked to a coding sequence if it is positioned so as to 
facilitate translation. Generally, "operably linked" means that 

15 the DNA sequences being linked are contiguous, and, in the case of 
a secretory leader, contiguous and in reading phase. However, 
enhancers do not have to be contiguous. Linking is accomplished by 
ligation at convenient restriction sites. If such sites do not 
exist, the synthetic oligonucleotide adaptors or linkers are used 

20 in accordance with conventional practice. 

The term "antibody" is used in the broadest sense and 
specifically covers anti-Apo-2 monoclonal antibodies (including 
agonist, antagonist, and blocking or neutralizing antibodies) and 
anti-Apo-2 antibody compositions with polyepitopic specificity. 

25 The term "monoclonal antibody" as used herein refers to 

an antibody obtained from a population of substantially homogeneous 
antibodies, i.e., the individual antibodies comprising the 
population are identical except for possible naturally-occurring 
mutations that may be present in minor amounts. Monoclonal 

30 antibodies are highly specific, being directed against a single 
antigenic site. Furthermore, -in contrast to conventional 

(polyclonal) antibody preparations which typically include 
different antibodies directed against different determinants 
(epitopes) , each monoclonal antibody is directed against a single 

35 determinant on the antigen. 

The monoclonal antibodies herein include hybrid and 
recombinant antibodies produced by splicing a variable (including 
hypervariable) domain of an anti-Apo-2 antibody with a constant 
domain, or a light chain with a heavy chain, or a chain from one 
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species with a chain from another species, or fusions with 
heterologous proteins, regardless of species of origin or 
immunoglobulin class or subclass designation, as well as antibody 
fragments (e.g., Fab, F(ab') 2 , and Fv) , so long as they exhibit the 
desired biological activity. See, e.g. U.S. Pat. No. 4,816,567 and 
Mage et al.\ in Monoclonal Antibody Production Techniques and 
Applications, pp. 79-97 (Marcel Dekker, Inc.: New York, 1987). 

Thus, the modifier "monoclonal" indicates the character 
of the antibody as being obtained from a substantially homogeneous 
population of antibodies, and is not to be construed as requiring 
production of the antibody by any particular method. For example, 
the monoclonal antibodies to be used in accordance with the present 
invention may be made by the hybridoma method first described by 
Kohler and Milstein, Nature, 256:495 (1975), or may be made by 
recombinant DNA methods such as described in U.S. Pat. No. 
4,816,567. The "monoclonal antibodies" may also be isolated from 
phage libraries generated using the techniques described in 
McCaf ferty et al . , Nature, 348:552-554 (1990), for example. 

"Single-chain Fv" or "scFv" antibody fragments comprise 
the V H and V L domains of antibody, wherein these domains are 
present in a single polypeptide chain. Generally, the Fv 
polypeptide further comprises a polypeptide linker between the V H 
and V L domains which enables the scFv to form the desired 
structure for antigen binding. For a review of scFv see, e.g., 
Pluckthun, The Pha rmacology of Monoclonal Antibodies , vol . 113 , 
Rosenburg and Moore eds . Springer- Verlag, New York, pp. 269-315 
(1994) . The scFv antibody fragments of the present invention 
include but are not limited to the 16E2, 20E6 and 24C4 antibodies 
described in detail below. Within the scope of the scFv 
antibodies of the invention are scFv antibodies comprising VH and 
VL domains that include one or more of the CDR regions identified 
for the 16E2, 20E6 and 24C4 antibodies. 

"Humanized" forms of non-human (e.g. murine) antibodies 
are specific chimeric immunoglobulins, immunoglobulin chains, or 
fragments thereof (such as Fv, Fab, Fab', F(ab') 2 or other antigen- 
binding subsequences of antibodies) which contain minimal sequence 
derived from non-human immunoglobulin. For the most part, 
humanized antibodies are human immunoglobulins (recipient antibody) 
in which residues from a complementary determining region (CDR) of 
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the recipient are replaced by residues from a CDR of a non-human 
species (donor antibody) such as mouse, rat, or rabbit having the 
desired specificity, affinity, and capacity. in some instances, Fv 
framework region (FR) residues of the human immunoglobulin are 
replaced by corresponding non-human residues. Furthermore, the 
humanized antibody may comprise residues which are found neither in 
the recipient antibody nor in the imported CDR or framework 
sequences. These modifications are made to further refine and 
optimize antibody performance. In general, the humanized antibody 
will comprise substantially all of at least one, and typically two, 
variable domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human immunoglobulin and all 
or substantially all of the FR regions are those of a human 
immunoglobulin consensus sequence. The humanized antibody 

optimally also will comprise at least a portion of an 
immunoglobulin constant region or domain (Fc) , typically that of a 
human immunoglobulin. 

"Biologically active" and "desired biological activity" 
for the purposes herein means (1) having the ability to modulate 
apoptosis (either in an agonistic or stimulating manner or in an 
antagonistic or blocking manner) in at least one type of mammalian 
cell in vivo or ex vivo; (2) having the ability to bind Apo-2 
ligand; or (3) having the ability to modulate Apo-2 ligand 
signaling and Apo-2 ligand activity. 

The terms "apoptosis" and "apoptotic activity" are used 
in a broad sense and refer to the orderly or controlled form of 
cell death in mammals that is typically accompanied by one or more 
characteristic cell changes, including condensation of cytoplasm, 
loss of plasma membrane microvilli, segmentation of the nucleus, 
degradation of chromosomal DNA or loss of mitochondrial function. 
This activity can be determined and measured, for instance, by cell 
viability assays, FACS analysis or DNA electrophoresis, all of 
which are known in the art. 

The terms "treating," "treatment," and "therapy" as used 
herein refer to curative therapy, prophylactic therapy, and 
preventative therapy. 

The terms "cancer" and "cancerous" refer to or describe 
the physiological condition in mammals that is typically 
characterized by unregulated cell growth. Examples of cancer 
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include but are not limited to, carcinoma, lymphoma, blastoma, 
sarcoma, and leukemia. More particular examples of such cancers 
include squamous cell cancer, small-cell lung cancer, non-small 
cell lung cancer, blastoma, gastrointestinal cancer, renal cancer, 
pancreatic cancer, glioblastoma, neuroblastoma, cervical cancer, 
ovarian cancer, liver cancer, stomach cancer, bladder cancer, 
hepatoma, breast cancer, colon cancer, colorectal cancer, 
endometrial carcinoma, salivary gland carcinoma, kidney cancer, 
liver cancer, prostate cancer, vulval cancer, thyroid cancer, 
hepatic carcinoma and various types of head and neck cancer. 

The term "mammal" as used herein refers to any mammal 
classified as a mammal, including humans, cows, horses, dogs and 
cats. In a preferred embodiment of the invention, the mammal is a 
human . 

II • Compositions and Methods of the Invention 

The present invention provides newly identified and 
isolated Apo-2 polypeptides and Apo-2 antibodies. In particular, 
Applicants have identified and isolated various human Apo-2 
polypeptides. The properties and characteristics of some of these 
Apo-2 polypeptides and anti-Apo-2 antibodies are described in 
further detail in the Examples below. Based upon the properties 
and characteristics of the Apo-2 polypeptides disclosed herein, it 
is Applicants' present belief that Apo-2 is a member of the TNFR 
family. 

A description follows as to how Apo-2, as well as Apo-2 
chimeric molecules and anti-Apo-2 antibodies, may be prepared. 

A. Preparation of Apo-2 

The description below relates primarily to production of 
Apo-2 by culturing cells transformed or transfected with a vector 
containing Apo-2 nucleic acid. It is of course, contemplated that 
alternative methods, which are well known in the art, may be 
employed to prepare Apo-2. 

I • Isolation of DNA Encoding Apo-2 

The DNA encoding Apo-2 may be obtained from any cDNA 
library prepared from tissue believed to possess the Apo-2 mRNA and 
to express it at a detectable level. Accordingly, human Apo-2 DNA 
can be conveniently obtained from a cDNA library prepared from 
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human tissues, such as the bacteriophage libraries of human 
pancreas and kidney cDNA described in Example 1. The Apo-2- 
encoding gene may also be obtained from a genomic library or by 
oligonucleotide synthesis. 

Libraries can be screened with probes (such as 
antibodies to the Apo-2 or oligonucleotides of at least about 20-80 
bases) designed to identify the gene of interest or the protein 
encoded by it. Screening the cDNA or' genomic library with the 
selected probe may be conducted using standard procedures, such as 
described in Sambrook et al . , Molecular Cloning: A Laboratory 
Manual < New York: Cold Spring Harbor Laboratory Press, 1989). An 
alternative means to isolate the gene encoding Apo-2 is to use PCR 
methodology [Sambrook et al . , supra ; Dieffenbach et al., PCR 
Primer: A Laboratory Manual (Cold Spring Harbor Laboratory Press, 
1995) ] . 

A preferred method of screening employs selected 
oligonucleotide sequences to screen cDNA libraries from various 
human tissues. Example l below describes techniques for screening 
a cDNA library. The oligonucleotide sequences selected as probes 
should be of sufficient length and sufficiently unambiguous that 
false positives are minimized. The oligonucleotide is preferably 
labeled such that it can be detected upon hybridization to DNA in 
the library being screened. Methods of labeling are well known in 
the art, and include the use of radiolabels like 32 P- labeled ATP, 
biotinylation or enzyme labeling. Hybridization conditions, 
including moderate stringency and high stringency, are provided in 
Sambrook et al., supra . 

Nucleic acid having all the protein coding sequence may 
be obtained by screening selected cDNA or genomic libraries using 
the deduced amino acid sequence disclosed herein for the first 
time, and, if necessary, using . conventional primer extension 
procedures as described in Sambrook et al . , supra , to detect 
precursors and processing intermediates of mRNA that may not have 
been reverse-transcribed into cDNA. 

Apo-2 variants can be prepared by introducing 
appropriate nucleotide changes into the Apo-2 DNA, or by synthesis 
of the desired Apo-2 polypeptide. Those skilled in the art will 
appreciate that amino acid changes may alter post- translational 
processes of the Apo-2, such as changing the number or position of 
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glycosylation sites or altering the membrane anchoring 
characteristics . 

Variations in the native full-length sequence Apo-2 or 
in various domains of the Apo-2 described herein, can be made, for 
example, using any of the techniques and guidelines for 
conservative and non- conservative mutations set forth, for 
instance, in U.S. Pat. No. 5,364,934. Variations may be a 
substitution, deletion or insertion of one or more codons encoding 
the Apo-2 that results in a change in the amino acid sequence of 
the Apo-2 as compared with the native sequence Apo-2. Optionally 
the variation is by substitution of at least one amino acid with 
any other amino acid in one or more of the domains of the Apo-2 
molecule. ^ The variations can be made using methods known in the 
art such as oligonucleotide-mediated (site-directed) mutagenesis, 
alanine scanning, and PCR mutagenesis. Site-directed mutagenesis 
[Carter et al . , Nucl. Acids Res. , 13:4331 (1986); Zoller et al . , 
Nucl. Acids Res., 10:6487 (1987)], cassette mutagenesis [Wells et 
al., Gene, 34:315 (1985)], restriction selection mutagenesis [Wells 

et a1 -/ Philos. Trans. R. Soc. London SerA . 3T7:415 (1986)] or 

other known techniques can be performed on the cloned DNA to 
produce the Apo-2 variant DNA. 

Scanning amino acid analysis can also be employed to 
identify one or more amino acids along a contiguous sequence which 
are involved in the interaction with a particular ligand or 
receptor. Among the preferred scanning amino acids are relatively 
small, neutral amino acids. Such amino acids include alanine, 
glycine, serine, and cysteine. Alanine is the preferred scanning 
amino acid among this group because it eliminates the side-chain 
beyond the beta-carbon and is less likely to alter the main-chain 
conformation of the variant. Alanine is also preferred because it 
is the most common amino acid. Further, it is frequently found in 
both buried and exposed positions [Creighton, The Proteins . (W.H. 
Freeman & Co., N.Y.); Chothia, J. Mol. Biol. . 150:1 (1976)]. if 
alanine substitution does not yield adequate amounts of variant, an 
isoteric amino acid can be used. 

Once selected Apo-2 variants are produced, they can be 
contacted with, for instance, Apo-2L, and the interaction, if any, 
can be determined. The interaction between the Apo-2 variant and 
Apo-2L can be measured by an In vitro assay, such as described in 
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the Examples below. While any number of analytical measurements 
can be used to compare activities and properties between a native 
sequence Apo-2 and an Apo-2 variant, a convenient one for binding 
is the dissociation constant K,, of the complex formed between the 
Apo-2 variant and Apo-2L as compared to the Kd for the native 
sequence Apo-2. ~ Generally, a > 3 -fold increase or decrease in Ka 
per substituted residue indicates that the substituted residue (s) 
is active in the interaction of the native sequence Apo-2 with the 
Apo-2L. 

Optionally, representative sites in the Apo-2 sequence 
suitable for mutagenesis would include sites within the 
extracellular domain, and particularly, within one or both of the 
cysteine-rich domains. Such variations can be accomplished using 
the methods described above. 

2 • Insertion of Nucl eic Acid into A Replicable Vector 
The nucleic acid (e.g., cDNA or genomic DNA) encoding 
Apo-2 may be inserted into a replicable vector for further cloning 
(amplification of the DNA) or for expression. Various vectors are 
publicly available. The vector components generally include, but 
are not limited to, one or more of the following: a signal 
sequence, an origin of replication, one or more marker genes, an 
enhancer element, a promoter, and a transcription termination 
sequence, each of which is described below. 

(i) Signal Sequence Component 
The Apo-2 may be produced recombinantly not only 
directly, but also as a fusion polypeptide with a heterologous 
polypeptide, which may be a signal sequence or other polypeptide 
having a specific cleavage site at the N-terminus of the mature 
protein or polypeptide. In general, the signal sequence may be a 
component of the vector, or it may be a part of the Apo-2 DNA that 
is inserted into the vector. The heterologous signal sequence 
selected preferably is one that is recognized and processed (i.e., 
cleaved by a signal peptidase) by the host cell. The signal 
sequence may be a prokaryotic signal sequence selected, for 
example, from the group of the alkaline phosphatase, penicillinase, 
lpp, or heat-stable enterotoxin II leaders. For yeast secretion 
the signal sequence may be, e.g., the yeast invertase leader, alpha 
factor leader (including Saccharomyces and Kluyveromyces a- factor 
leaders, the latter described in U.S. Pat. No. 5,010,182), or acid 
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phosphatase leader, the C, albicans glucoamylase leader (EP 362,179 
published 4 April 1990), or the signal described in WO 90/13646 
published 15 November 1990. In mammalian cell expression the 
native Apo-2 presequence that normally directs insertion of Apo-2 
5 in the cell membrane of human cells in vivo is satisfactory, 
although other' mammalian signal sequences may be used to direct 
secretion of the protein, such as signal sequences from secreted 
polypeptides of the same or related species, as well as viral 
secretory leaders, for example, the herpes simplex glycoprotein D 
10 signal. 

The DNA for such precursor region is preferably ligated 
in reading frame to DNA encoding Apo-2. 

(ii) Origin of Replication Component 
Both expression and cloning vectors contain a nucleic 

15 acid sequence that enables the vector to replicate in one or more 
selected host cells. Generally, in cloning vectors this sequence 
is one that enables the vector to replicate independently of the 
host chromosomal DNA, and includes origins of replication or 
autonomously replicating sequences. Such sequences are well known 

20 for a variety of bacteria, yeast, and viruses. The origin of 
replication from the plasmid pBR32 2 is suitable for most Gram- 
negative bacteria, the 2\i plasmid origin is suitable for yeast, and 
various viral origins (SV4 0, polyoma, adenovirus, VSV or BPV) are 
useful for cloning vectors in mammalian cells. Generally, the 

25 origin of replication component is not needed for mammalian 
expression vectors (the SV40 origin may typically be used because 
it contains the early promoter) . 

Most expression vectors are "shuttle" vectors, i.e., 
they are capable of replication in at least one class of organisms 

30 but can be transfected into another organism for expression. For 
example, a vector is cloned in E. coli and then the same vector is 
transfected into yeast or mammalian cells for expression even 
though it is not capable of replicating independently of the host 
cell chromosome. 

35 DNA may also be amplified by insertion into the host 

genome. This is readily accomplished using Bacillus species as 
hosts, for example, by including in the vector a DNA sequence that 
is complementary to a sequence found in Bacillus genomic DNA. 
Transfection of Bacillus with this vector results in homologous 
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recombination with the genome and insertion of Apo-2 DNA. However, 
the recovery of genomic DNA encoding Apo-2 is more complex than 
that of an exogenously replicated vector because restriction enzyme 
digestion is required to excise the Apo-2 DNA. 

(iii) Selection Gene Component 
Expression and cloning vectors typically contain a 
selection gene, also termed a selectable marker. This gene encodes 
a protein necessary for the survival or 'growth of transformed host 
cells grown in a selective culture medium. Host cells not 
transformed with the vector containing the selection gene will not 
survive in the culture medium. Typical selection genes encode 
proteins that (a) confer resistance to antibiotics or other toxins, 
e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) 
complement auxotrophic deficiencies, or (c) supply critical 
nutrients not available from complex media, e.g., the gene encoding 
D-alanine racemase for Bacilli. 

One example of a selection scheme utilizes a drug to 
arrest growth of a host cell. Those cells that are successfully 
transformed with a heterologous gene produce a protein conferring 
drug resistance and thus survive the selection regimen. Examples 
of such dominant selection use the drugs neomycin [Southern et al . , 
J. Molec. Appl. Genet., 1:327 (1982)], mycophenolic acid (Mulligan 
et al., Science, 209:1422 (1980)] or hygromycin [Sugden et al . , 
Mol. Cell. Biol., 5:410-413 (1985)]. The three examples given 
above employ bacterial genes under eukaryotic control to convey 
resistance to the appropriate drug G418 or neomycin (geneticin) , 
xgpt (mycophenolic acid) , or hygromycin, respectively. 

Another example of suitable selectable markers for 
mammalian cells are those that enable the identification of cells 
competent to take up the Apo-2 nucleic acid, such as DHFR or 
thymidine kinase. The mammalian- cell transf ormants are placed 
under selection pressure that only the transf ormants are uniquely 
adapted to survive by virtue of having taken up the marker. 
Selection pressure is imposed by culturing the transf ormants under 
conditions in which the concentration of selection agent in the 
medium is successively changed, thereby leading to amplification of 
both the selection gene and the DNA that encodes Apo-2. 
Amplification is the process by which genes in greater demand for 
the production of a protein critical for growth are reiterated in 
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tandem within the chromosomes of successive generations of 
recombinant cells. Increased quantities of Apo-2 are synthesized 
from the amplified DNA. Other examples of amplifiable genes 
include metallothionein-I and -II, adenosine deaminase, and 
5 ornithine decarboxylase. 

CellS transformed with the DHFR selection gene may first 
be identified by culturing all of the transf ormants in a culture 
medium that contains methotrexate (Mtx) ; a competitive antagonist 
of DHFR. An appropriate host cell when wild- type DHFR is employed 
10 is the Chinese hamster ovary (CHO) cell line deficient in DHFR 
activity, prepared and propagated as described by Urlaub et al . , 
Proc. Natl. Acad. Sci . USA, 77:4216 (1980) . The transformed cells 
are then exposed to increased levels of methotrexate. This leads 
to the synthesis of multiple copies of the DHFR gene, and, 
15 concomitantly, multiple copies of other DNA comprising the 
expression vectors, such as the DNA encoding Apo-2. This 
amplification technique can be used with any otherwise suitable 
host, e.g., ATCC No. CCL61 CHO-K1, notwithstanding the presence of 
endogenous DHFR if, for example, a mutant DHFR gene that is highly 
20 resistant to Mtx is employed (EP 117,060). 

Alternatively, host cells (particularly wild-type hosts 
that contain endogenous DHFR) transformed or co- transf ormed with 
DNA sequences encoding Apo-2, wild- type DHFR protein, and another 
selectable marker such as aminoglycoside 3 1 -phosphotransferase 
25 (APH) can be selected by cell growth in medium containing a 
selection agent for the selectable marker such as an 
aminoglycosidic antibiotic, e.g., kanamycin, neomycin, or G418. 
See U.S. Patent No. 4,965,199. 

A suitable selection gene for use in yeast is the trpl 
30 gene present in the yeast plasmid YRp7 [Stinchcomb et al . , Nature, 
282:39 (1979); Kingsman et al . , Gene , 7:141 (1979); Tschemper et 
al., Gene, 10:157 (1980)]. The trpl gene provides a selection 
marker for a mutant strain of yeast lacking the ability to grow in 
tryptophan, for example, ATCC No. 44076 or PEP4-1 [Jones, Genetics , 
35 85:12 (1977)]. The presence of the trpl lesion in the yeast host 
cell genome then provides an effective environment for detecting 
transformation by growth in the absence of tryptophan. Similarly, 
Leu2-deficient yeast strains (ATCC 20,622 or 38,626) are 
complemented by known plasmids bearing the Leu2 gene. 
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In addition, vectors derived from the 1.6 urn circular 
plasmid pKDl can be used for transformation of Kluyveromyces yeasts 
(Bianchi et al., Curr. Genet.. 12:185 (1987)]. More recently, an 
expression system for large-scale production of recombinant calf 
chymosin was reported for K. lactis [Van den Berg, Bio/Technology . 
8:135 (1990)]. Stable multi-copy expression vectors for secretion 
of mature recombinant human serum .albumin by industrial strains of 
Kluyveromyces have also been disclosed [Fleer et al . , 
Bio/Technology . 9 : 968-975 (1991)]. 

(iv) Promoter Component 
Expression and cloning vectors usually contain a 
promoter that is recognized by the host organism and is operably 
linked to the Apo-2 nucleic acid sequence. Promoters are 
untranslated sequences located upstream (5') to the start codon of 
a structural gene (generally within about 100 to 1000 bp) that 
control the transcription and translation of particular nucleic 
acid sequence, such as the Apo-2 nucleic acid sequence, to which 
they are operably linked. Such promoters typically fall into two 
classes, inducible and constitutive. Inducible promoters are 
promoters that initiate increased levels of transcription from DNA 
under their control in response to some change in culture 
conditions, e.g., the presence or absence of a nutrient or a change 
in temperature. At this time a large number of promoters 
recognized by a variety of potential host cells are well known. 
These promoters are operably linked to Apo-2 encoding DNA by 
removing the promoter from the " source DNA by restriction enzyme 
digestion and inserting the isolated promoter sequence into the 
vector. Both the native Apo-2 promoter sequence and many 
heterologous promoters may be used to direct amplification and/or 
expression of the Apo-2 DNA. 

Promoters suitable for use with prokaryotic hosts 
include the p-lactamase and lactose promoter systems [Chang et al., 
Nature, 275:615 (1978); Goeddel et al . , Nature, 281 : 544 (1979) ] , 
alkaline phosphatase, a tryptophan (trp) promoter system [Goeddel, 
Nucleic Acids Res., 8:4057 (1980); EP 36,776], and hybrid promoters 
such as the tac promoter [deBoer et al., Proc . Natl. Acad. Sci . 
USA, 80:21-25 (1983)]. However, other known bacterial promoters 
are suitable. Their nucleotide sequences have been published, 
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thereby enabling a skilled worker operably to ligate them to DNA 
encoding Apo-2 [Siebenlist e t al . , Cell , 20:269 (1980)] using 
linkers or adaptors to supply any required restriction sites. 
Promoters for use in bacterial systems also will contain a Shine - 
Dalgarno (S.D.) sequence operably linked to the DNA encoding Apo-2. 

Promoter sequences are known for eukaryotes. Virtually 
all eukaryotic genes have an AT-rich region located approximately 
25 to 30 bases upstream from the site where transcription is 
initiated. Another sequence found 70 to 80 bases upstream from the 
start of transcription of many genes is a CXCAAT region where X may 
be any nucleotide. At the 3' end of most eukaryotic genes is an 
AATAAA sequence that may be the signal for addition of the poly A 
tail to the 3' end of the coding sequence. All of these sequences 
are suitably inserted into eukaryotic expression vectors. 

Examples of suitable promoting sequences for use with 
yeast hosts include the promoters for 3 -phosphoglycerate kinase 
[Hitzeman et al . , J. Biol. Chem. . 255:2073 (1980)] or other 
glycolytic enzymes [Hess et al . , J. Adv. Enzyme Reg. , 7:149 (1968); 
Holland, Biochemistry, 17:4900 (1978)], such as enolase, 
glyceraldehyde- 3 -phosphate dehydrogenase , hexokinase , pyruvate 
decarboxylase, phosphof ructokinase , glucose-6-phosphate isomerase, 
3 -phosphoglycerate mutase, pyruvate kinase, triosephosphate 
isomerase, phosphoglucose isomerase, and glucokinase . 

Other yeast promoters, which are inducible promoters 
having the additional advantage of transcription controlled by 
growth conditions, are the promoter regions for alcohol 
. dehydrogenase 2, isocytochrome C, acid phosphatase, degradative 
enzymes associated with nitrogen metabolism, metallothionein, 
glyceraldehyde- 3 -phosphate dehydrogenase, and enzymes responsible 
for maltose and galactose utilization. Suitable vectors and 
promoters for use in yeast expression are further described in EP 
73,657. Yeast enhancers also are advantageously used with yeast 
promoters . 

Apo-2 transcription from vectors in mammalian host cells • 
is controlled, for example, by promoters obtained from the genomes 
of viruses such as polyoma virus, fowlpox virus (UK 2,211,504 
published 5 July 1989), adenovirus (such as Adenovirus 2), bovine 
papilloma virus, avian sarcoma virus, cytomegalovirus, a 
retrovirus, hepatitis-B virus and most preferably Simian Virus 40 
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(SV40), from heterologous mammalian promoters, e.g., the actin 
promoter or an immunoglobulin promoter, from heat-shock promoters, 
and from the promoter normally associated with the Apo-2 sequence, 
provided such promoters are compatible with the host cell systems. 

The early and late promoters of the SV4 0 virus are 
conveniently obtained as an SV40 restriction fragment that also 
contains the SV40 viral origin of replication [Fiers et al., 
Nature, 273:113 (1978); Mulligan and Berg, Science , 209:1422-142 7 

(1980) ; Pavlakis et al . , Proc. Natl. Acad. Sci. USA , 78:7398-7402 

(1981) ]. The immediate early promoter of the human cytomegalovirus 
is conveniently obtained as a Hindlll E restriction fragment 
[Greenaway et al . , Gene , 18:355-360 (1982)]. A system for 
expressing DNA in mammalian hosts using the bovine papilloma virus 
as a vector is disclosed in U.S. Patent No. 4,419,446. A 
modification of this system is described in U.S. Patent No. 
4,601,978 [See also Gray et al . , Nature , 295:503-508 (1982) on 
expressing cDNA encoding immune interferon in monkey cells; Reyes 
et al., Nature, 297:598-601 (1982) on expression of human p- 
interferon cDNA in mouse cells under the control of a thymidine 
kinase promoter from herpes simplex virus; Canaani and Berg, Proc. 
Natl. Acad. Sci. USA 79:5166-5170 (1982) on expression of the human 
interferon gene in cultured mouse and rabbit cells; and Gorman et 
a1 -' Proc. Natl. Acad. Sci. USA . 79:6777-6781 (1982) on expression 
of bacterial CAT sequences in CV-1 monkey kidney cells, chicken 
embryo fibroblasts, Chinese hamster ovary cells, HeLa cells, and 
mouse NIH-3T3 cells using the Rous sarcoma virus long terminal 
repeat as a promoter] . 

(v) Enhancer Element Component 
Transcription of a DNA encoding the Apo-2 of this 
invention by higher eukaryotes may be increased by inserting an 
enhancer sequence into the vector. Enhancers are cis-acting 
elements of DNA, usually about from 10 to 3 00 bp, that act on a 
promoter to increase its transcription. Enhancers are relatively 
orientation and position independent, having been found 5' [Laimins 
et al -< Proc. Nat l. Acad. Sci. USA . 78:993 (1981]) and 3' [Lusky et 

al -< Mol. Cell Bio., 3:1108 (1983]) to the transcription unit, 

within an intron [Banerji et al., Cell , 33:729 (1983)], as well as 
within the coding sequence itself [Osborne et al., Mol . Cell Bio. . 
4:1293 (1984)]. Many enhancer sequences are now known from 
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mammalian genes (globin, elastase, albumin, ct-f etoprotein, and 
insulin) . Typically, however, one will use an enhancer from a 
eukaryotic cell virus. Examples include the SV40 enhancer on the 
late side of the replication origin (bp 100-270), the 
cytomegalovirus early promoter enhancer, the polyoma enhancer on 
the late side of the replication origin, and adenovirus enhancers. 
See also Yaniv, Nature, 297:17-18 (1982) on enhancing elements for 
activation of eukaryotic promoters. The enhancer may be spliced 
into the vector at a position 5' or 3 ' to the Apo-2 coding 
sequence, but is preferably located at a site 5' from the promoter. 

( vi ) Transcription Termination Component 
Expression vectors used in eukaryotic host cells (yeast, 

fungi, insect, plant, animal, human, or nucleated cells from other 
multicellular organisms) will also contain sequences necessary for 
the termination of transcription and for stabilizing the mRNA. 
Such sequences are commonly available from the 5' and, occasionally 
3«, untranslated regions of eukaryotic or viral DNAs or cDNAs . 
These regions contain nucleotide segments transcribed as 
polyadenylated fragments in the untranslated portion of the mRNA 
encoding Apo-2. 

(vii) Construction and Analysis of Vectors 
Construction of suitable vectors containing one or more 

of the above-listed components employs standard ligation 
techniques. Isolated plasmids or DNA fragments are cleaved, 
tailored, and re-ligated in the form desired to generate the 
plasmids required. 

For analysis to confirm correct sequences in plasmids 
constructed, the ligation mixtures can be used to transform E. coli 
K12 strain 294 (ATCC 31,446) and successful transf ormants selected 
by ampicillin or tetracycline resistance where appropriate. 
Plasmids from the transf ormants are prepared, analyzed by 
restriction endonuclease digestion, and/or sequenced by the method 
of Messing et al . , Nucleic Acids Res. . 9:309 (1981) or by the 
method of Maxim et al . , Methods in Enzymologv . 65 :499 (1980) . 

(viii) Transient Expression Vectors 

Expression vectors that provide for the transient 
expression in mammalian cells of DNA encoding Apo-2 may be 
employed. In general, transient expression involves the use of an 
expression vector that is able to replicate efficiently in a host 
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cell, such that the host cell accumulates many copies of the 
expression vector and, in turn, synthesizes high levels of a 
desired polypeptide encoded by the expression vector [Sambrook et 
al., supra]. Transient expression systems, comprising a suitable 
expression vector and a host cell, allow for the convenient 
positive identification of polypeptides encoded by cloned DNAs, as 
well as for the rapid screening of such polypeptides for desired 
biological or physiological properties. 'Thus, transient expression 
systems are particularly useful in the invention for purposes of 
identifying Apo-2 variants. 

(ix) Suitable Exemplary Vertebrate Cell Vectors 
Other methods, vectors, and host cells suitable for 
adaptation to the synthesis of Apo-2 in recombinant vertebrate cell 
culture are described in Gething et al., Nature, 2.93:620-625 
(1981); Mantei et al . , Nature . 281:40-46 (1979); EP 117,060; and EP 
117,058. 

3 . Selection and Transformation of Host Cells 
Suitable host cells for cloning or expressing the DNA in 
the vectors herein are the prokaryote, yeast, or higher eukaryote 
cells described above. Suitable prokaryotes for this purpose 
include but are not limited to eubacteria, such as Gram-negative or 
Gram-positive organisms, for example, Enterobacteriaceae such as 
Escherichia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella, 
Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., 
Serratia marcescans, and Shigella, as well as Bacilli such as B. 
subtilis and B . licheniformis (e.g., B. licheniformis 41P disclosed 
in DD 266,710 published 12 April 1989), Pseudomonas such as P. 
aeruginosa, and Streptomyces'. Preferably, the host cell should 
secrete minimal amounts of proteolytic enzymes. 

In addition to prokaryotes, eukaryotic microbes such as 
filamentous fungi or yeast are suitable cloning or expression hosts 
for Apo-2 -encoding vectors. Saccharomyces cerevisiae, or common 
baker's yeast, is the most commonly used among lower eukaryotic 
host microorganisms. However, a number of other genera, species, 
and strains are commonly available and useful herein. 

Suitable host cells for the expression of glycosylated 
Apo-2 are derived from multicellular organisms. Such host cells 
are capable of complex processing and glycosylation activities. In 
principle, any higher eukaryotic cell culture is workable, whether 
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from vertebrate or invertebrate culture. Examples of invertebrate 
cells include plant and insect cells. Numerous baculoviral strains 
and variants and corresponding permissive insect host cells from 
hosts such as Spodoptera frugiperda (caterpillar) , Aedes aegypti 
(mosquito) , Aedes albopictus (mosquito), Drosophila melanogaster 
(fruitfly), and Bombyx mori have been identified [See, e.g., Luckow 
et al " Bio/Technology, 6:47-55 (1988); Miller et al . , in Genetic 
Engineering, Setlow et al., eds . , Vol. 8 (Plenum Publishing, 1986), 
pp. 277-279; and Maeda et al . , Nature , 315:592-594 (1985)]. A 
variety of viral strains for transfection are publicly available, 
e.g., the L-l variant of Autographa californica NPV and the Bm-5 
strain of Bombyx mori NPV. 

Plant cell cultures of cotton, corn, potato, soybean, 
petunia, tomato, and tobacco can be utilized as hosts. Typically, 
plant cells are transfected by incubation with certain strains of 
the bacterium Agrojbacterimn tumefaciens. During incubation of the 
plant cell culture with A . tumefaciens, the DNA encoding the Apo-2 
can be transferred to the plant cell host such that it is 
transfected, and will, under appropriate conditions, express the 
Apo- 2 -encoding DNA. In addition, regulatory and signal sequences 
compatible with plant cells are available, such as the nopaline 
synthase promoter and polyadenylation signal sequences [Depicker et 
al -< J - Mo1 - A PPl- Gen., 1:561 (1982)]. In addition, DNA segments 
isolated from the upstream region of the T-DNA 780 gene are capable 
of activating or increasing transcription levels of plant- 
expressible genes in recombinant DNA- containing plant tissue [EP 
321,196 published 21 June 1989] . 

Propagation of vertebrate cells in culture (tissue 
culture) is also well known in the art [See, e.g., Tissue Culture . 
Academic Press, Kruse and Patterson, editors (1973)]. Examples of 
useful mammalian host cell lines are monkey kidney CV1 line 
transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney 
line (293 or 293 cells subcloned for growth in suspension culture, 
Graham et al . , J. Gen Virol., 36:59 (1977)); baby hamster kidney 
cells (BHK, ATCC CCL 10) ; Chinese hamster ovary cells/-DHFR (CHO, 
Urlaub and Chasin, Proc. Natl. Acad. Sci . USA . 77:4216 (1980)); 
mouse Sertoli cells (TM4, Mather, Biol. Reprod. . 23:243-251 
(1980)); monkey kidney cells (CVl ATCC CCL 70); African green 
monkey kidney cells (VERO-76, ATCC CRL-1587) ; human cervical 
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carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC 
CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human 
lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 
8065); mouse mammary tumor (MMT 060562, ATCC CCL51) ; TRI cells 
(Mather et al . , Annals N . Y . Acad. Sci. . 383:44-68 (1982)); MRC 5 
cells; and FS4 cells. 

Host cells are transfected and preferably transformed 
with the above -described expression or cloning vectors for Apo-2 
production and cultured in conventional nutrient media modified as 
appropriate for inducing promoters, selecting transformants , or 
amplifying the genes encoding the desired sequences. 

Transfection refers to the taking up of an expression 
vector by a host cell whether or not any coding sequences are in 
fact expressed. Numerous methods of transfection are known to the 
ordinarily skilled artisan, for example, CaP0 4 and electroporation . 
Successful transfection is generally recognized when any indication 
of the operation of this vector occurs within the host cell. 

Transformation means introducing DNA into an organism so 
that the DNA is replicable, either as an extrachromosomal element 
or by chromosomal integrant. Depending on the host cell used, 
transformation is done using standard techniques appropriate to 
such cells. The calcium treatment employing calcium chloride, as 
described in Sambrook et al . , supra , or electroporation is 
generally used for prokaryotes or other cells that contain 
substantial cell -wall barriers. Infection with Agrobacterium 
tumefaciens is used for transformation of certain plant cells, as 
described by Shaw et al., Gene , 23:315 (1983) and WO 89/05859 
published 29 June 1989. In addition, plants may be transfected 
using ultrasound treatment as described in WO 91/00358 published 10 
January 1991. 

For mammalian cells without such cell walls, the calcium 
phosphate precipitation method of Graham and van der Eb, Virology , 
52:456-457 (1978) is preferred. General aspects of mammalian cell 
host system transformations have been described in U.S. Pat. No. 
4,3 99,216. Transformations into yeast are typically carried out 
according to the method of Van Solingen et al . , J. Bact . , 13J):946 
(1977) and Hsiao et al . , Proc . Natl. Acad. Sci. (USA) , 76:3829 
(1979). However, other methods for introducing DNA into cells, 
such as by nuclear microinjection, electroporation, bacterial 
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protoplast fusion with intact cells, or polycations, e.g., 
polybrene, polyorni thine, may also be used. For various techniques 
for transforming mammalian cells, see Keown et al. f Methods in 
Enzymoloqy , 185:527-537 (1990) and Mansour et al . , Nature, 336:348- 
352 (1988)-. 

4" " Culturing the Host Cells 

Prokaryotic cells used to produce Apo-2 may be cultured 
in suitable media as described generally In Sambrook et al., supra . 

The mammalian host cells used to produce Apo-2 may be 
cultured in a variety of media. Examples of commercially available 
media include Ham's Fid (Sigma), Minimal Essential Medium ("MEM", 
Sigma), RPMI-1640 (Sigma), and Dulbecco ■ s Modified Eagle's Medium 
( "DMEM" , Sigma). Any such media may be supplemented as necessary 
with hormones and/or other growth factors (such as insulin, 
transferrin, or epidermal growth factor), salts (such as sodium 
chloride, calcium, magnesium, and phosphate), buffers (such as 
HEPES), nucleosides (such as adenosine and thymidine), antibiotics 
(such as Gentamycin™ drug), trace elements (defined as inorganic 
compounds usually present at final concentrations in the .micromolar 
range), and glucose or an equivalent energy source. Any other 
necessary supplements may also be included at appropriate 
concentrations that would be known to those skilled in the art. 
The culture conditions, such as temperature, pH, and the like, are 
those previously used with the host cell selected for expression, 
and will be apparent to the ordinarily skilled artisan. 

In general, principles, protocols, and practical 
techniques for maximizing the productivity of mammalian cell 
cultures can be found in Mammalian Cell Biotechnology: a Practical 
Approach. M. Butler, ed. (IRL Press, 1991). 

The host cells referred to in this disclosure encompass 
cells in culture as well as cells that are within a host animal. 
5 • Detecti ng Gene Amplification/Expression 
Gene amplification and/or expression may be measured in 
a sample directly, for example, by conventional Southern blotting, 
Northern blotting to quantitate the transcription of mRNA [Thomas, 
Proc. Natl. Acad. Sci , USA , 77:5201-5205 (1980)], dot blotting (DNA 
analysis), or in situ hybridization, using an appropriately labeled 
probe, based on the sequences provided herein. Various labels may 
be employed, most commonly radioisotopes, and particularly 32 P. 
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However, other techniques may also be employed, such as using 
biotin-modif ied nucleotides for introduction into a polynucleotide. 
The biotin then serves as the site for binding to avidin or 
antibodies, which may be labeled with a wide variety of labels, 
5 such as radionucleotides, fluorescers or enzymes. Alternatively, 
antibodies may' be employed that can recognize specific duplexes, 
including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes 
or DNA-protein duplexes. The antibodies in turn may be labeled and 
the assay may be carried out where the duplex is bound to a 

10 surface, so that upon the formation of duplex on the surface, the 
presence of antibody bound to the duplex can be detected. 

Gene expression, alternatively, may be measured by 
immunological methods, such as immunohistochemical staining of 
cells or tissue sections and assay of cell culture or body fluids, 

15 to quantitate directly the expression of gene product. With 
immunohistochemical staining techniques, a cell sample is prepared, 
typically by dehydration and fixation, followed by reaction with 
labeled antibodies specific for the gene product coupled, where the 
labels are usually visually detectable, such as enzymatic labels, 

20 fluorescent labels, or luminescent labels. 

Antibodies useful for immunohistochemical staining 
and/or assay of sample fluids may be either monoclonal or 
polyclonal, and may be prepared in any mammal. Conveniently, the 
antibodies may be prepared against a native sequence Apo-2 

25 polypeptide or against a synthetic peptide based on the DNA 
sequences provided herein or against exogenous sequence fused to 
Apo-2 DNA and encoding a specific antibody epitope. 

6 . Purification of Apo-2 Polypeptide 

Forms of Apo-2 may be recovered from culture medium or 
30 from host cell lysates . If the Apo-2 is membrane -bound, it can be 
released from the membrane using- a suitable detergent solution 
(e.gr. Triton-X 100) or its extracellular domain may be released by 
enzymatic cleavage. 

When Apo-2 is produced in a recombinant cell other than 
35 one of human origin, the Apo-2 is free of proteins or polypeptides 
of human origin. However, it may be desired to purify Apo-2 from 
recombinant cell proteins or polypeptides to obtain preparations 
that are substantially homogeneous as to Apo-2. As a first , step, 
the culture medium or lysate may be centrifuged to remove 
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particulate cell debris. Apo-2 thereafter is purified from 
contaminant soluble proteins and polypeptides, with the following 
procedures being exemplary of suitable purification procedures: by 
fractionation on an ion-exchange column; ethanol precipitation; 
reverse phase HPLC; chromatography on silica or on a cation- 
exchange resin 'such as DEAE; chromatof ocusing; SDS-PAGE; ammonium 
sulfate precipitation; gel filtration using, for example, Sephadex 
G-75; and protein A Sepharose columns to remove contaminants such 
as IgG. 

Apo-2 variants in which residues have been deleted, 
inserted, or substituted can be recovered in the same fashion as 
native sequence Apo-2, taking account of changes in properties 
occasioned by the variation. For example, preparation of an Apo-2 
fusion with another protein or polypeptide, e.g., a bacterial or 
viral antigen, immunoglobulin sequence, or receptor sequence, may 
facilitate purification; an immunoaf f inity column containing 
antibody to the sequence can be used, to adsorb the fusion 
polypeptide. Other types of affinity matrices also can be used. 

A protease inhibitor such as phenyl methyl sulfonyl 
fluoride (PMSF) also may be useful to inhibit proteolytic 
degradation during purification, and antibiotics may be included to 
prevent the growth of adventitious contaminants. One skilled in 
the art will appreciate that purification methods suitable for 
native sequence Apo-2 may require modification to account for 
changes in the character of Apo-2 or its variants upon expression 
in recombinant cell culture. 

7 . Covalent Modifications of Apo-2 Polypeptides 

Covalent modifications of Apo-2 are included within the 
scope of this invention. One type of covalent modification of the 
Apo-2. is introduced into the molecule by reacting targeted amino 
acid residues of the Apo-2 with an. organic derivatizing agent that 
is capable of reacting with selected side chains or the N- or C- 
terminal residues of the Apo-2. 

Derivatization with bifunctional agents is useful for 
crosslinking Apo-2 to a water-insoluble support matrix or surface 
for use in the method for purifying anti- Apo-2 antibodies, and 
vice -versa. Derivatization with one or more bifunctional agents 
will also be useful for crosslinking Apo-2 molecules to generate 
Apo-2 dimers. Such dimers may increase binding avidity and extend 
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half-life of the molecule in vivo. Commonly used crosslinking 
agents include, e.g. , 1 # 1-bis (diazoacetyl) -2-phenylethane , 
glutaraldehyde, N-hydroxysuccinimide esters, for example, esters 
with 4-azidosalicylic acid, homobifunctional imidoesters, including 
5 disuccinimidyl esters such as 3 , 3 ■ -dithiobis(succinimidyl - 
propionate) , arid bifunctional maleimides such as bis-N-maleimido- 
1,8-octane. Derivatizing agents such as methyl -3- [ (p-azidophenyl ) - 
dithio]prcpioimidate yield photoactivatable intermediates that are 
capable of forming crosslinks in the presence of light. 
10 Alternatively, reactive water- insoluble matrices such as cyanogen 
bromide-activated carbohydrates and the reactive substrates 
described in U.S. Patent Nos . 3,969,287 ; 3,691,016; 4,195,128; 
4,247,642; 4,229,537; and 4,330,440 are employed for protein 
immobilization. 

15 Other modifications include deamidation of glutaminyl 

and asparaginyl residues to the corresponding glutamyl and aspartyl 
residues, respectively, hydroxylation of proline and lysine, 
phosphorylation of hydroxyl groups of seryl or threonyl residues, 
methylation of the ct-amino groups of lysine, arginine, and 

20 histidine side chains [T.E. Creighton, Proteins: Structure and 
Molecul ar Properties . W.H. Freeman & Co., San Francisco, pp. 79-86 
(1983)], acetylation of the N-terminal amine, and amidation of any 
C- terminal carboxyl group. The modified forms of the residues fall 
within the scope of the present invention. 

25 Another type of covalent modification of the Apo-2 

polypeptide included within the scope of this invention comprises 
altering the native glycosylation pattern of the polypeptide. 
"Altering the native glycosylation pattern" is intended for 
purposes herein to mean deleting one or more carbohydrate moieties 

30 found in native sequence Apo-2, and/or adding one or more 
glycosylation sites that are not present in the native sequence 
Apo-2 . 

Glycosylation of polypeptides is typically either re- 
linked or 0-linked. N-linked refers to the attachment of the 
35 carbohydrate moiety to the side chain of an asparagine residue. 
The tripeptide sequences asparagine-X-serine and asparagine-X- 
threonine, where X is any amino acid except proline., are the 
recognition sequences for enzymatic attachment of the carbohydrate 
moiety to the asparagine side chain. Thus, the presence of either 
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of these tripeptide sequences in a polypeptide creates a potential 
glycosylation site. 0- linked glycosylation refers to the 

attachment of one of the sugars N-aceylgalactosamine, galactose, or 
xylose to a hydroxylamino acid, most commonly serine or threonine, 
although 5-hydroxyproline or 5 -hydroxy lysine may also be used. 

Addition of glycosylation sites to the Apo-2 polypeptide 
may be accomplished by altering the amino acid sequence such that 
it contains one or more of the above- described tripeptide sequences 
(for N-linked glycosylation sites) . The alteration may also be 
made by the addition of, or substitution by, one or more serine or 
threonine residues to the native sequence Apo-2 (for 0-1 inked 
glycosylation sites). The Apo-2 amino acid sequence may optionally 
be altered through changes at the DNA level, particularly by 
mutating the DNA encoding the Apo-2 polypeptide at preselected 
bases such that codons are generated that will translate into the 
desired amino acids. The DNA mutation (s) may be made using methods 
described above and in U.S. Pat. No. 5,364,934, supra . 

Another means of increasing the number of carbohydrate 
moieties on the Apo-2 polypeptide is by chemical or enzymatic 
coupling of glycosides to the polypeptide. Depending on the 
coupling mode used, the sugar (s) may be attached to (a) arginine 
and histidine, (b) free carboxyl groups, (c) free sulfhydryl groups 
such as those of cysteine, (d) free hydroxyl groups such as those 
of serine, threonine, or hydroxyproline , (e) aromatic residues such 
as those of phenylalanine, tyrosine, or tryptophan, or (f) the 
amide group of glutamine. These methods are described in WO 
87/05330 published 11 September 1987, and in Aplin and Wriston, CRC 
Crit. Rev. Biochem. . pp. 259-306 (1981) . 

Removal of carbohydrate moieties present on the Apo-2 
polypeptide may be accomplished chemically or enzymatically or by 
mutational substitution of codons encoding for amino acid residues 
that serve as targets for glycosylation. For instance, chemical 
deglycosylation by exposing the polypeptide to the compound 
trif luoromethanesulfonic acid, or an equivalent compound can result 
in the cleavage of most or all sugars except the linking sugar (N- 
acetylglucosamine or N-acetylgalactosamine). , while leaving the 
polypeptide intact. Chemical deglycosylation is described by 
Hakimuddin, et al . , Arch . Biochem . Biophvs . . 259:52 (1987) and by 
Edge et al . , Anal. Biochem., 118:131 (1981). Enzymatic cleavage of 
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carbohydrate moieties on polypeptides can be achieved by the use of 
a variety of endo- and exo-glycosidases as described by Thotakura 
et a1 -/ Meth. Enzymol . . 138:350 (1987). 

Glycosylation at potential glycosylation sites may be 
prevented by the use of the compound tunicamycin as described by 
Duksin et af. , 'S. Biol. Chem., 257:3105 (1982) . Tunicamycin blocks 
the formation of protein-N-glycoside linkages. 

Another type of covalent modification of Apo-2 comprises 
linking the Apo-2 polypeptide to one of a variety of 
nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene 
glycol, or polyoxyalkylenes , in the manner set forth in U.S. Patent 
NOS. 4,640,835; 4,496,689; 4,301,144; 4,670,417; 4,791,192 or 
4,179,337. 

8 . Apo-2 Chimeras 

The present invention also provides chimeric molecules 
comprising Apo-2 fused to another, heterologous polypeptide or 
amino acid sequence. 

In one embodiment, the chimeric molecule comprises a 
fusion of the Apo-2 with a tag polypeptide which provides an 
20 epitope to which an anti-tag antibody can selectively bind. The 
epitope tag is generally placed at the amino- or carboxyl- terminus 
of the Apo-2. The presence of such epitope- tagged forms of the 
Apo-2 can be detected using an antibody against the tag 
polypeptide. Also, provision of the epitope tag enables the Apo-2 
to be readily purified by affinity purification using an anti-tag 
antibody or another type of affinity matrix that binds to the 
epitope tag.. 

Various tag polypeptides and their respective antibodies 
are well known in the art. Examples include the flu HA tag 
polypeptide and its antibody 12CA5 [Field et al . , Mol . Cell. Biol. . 
8:2159-2165 (1988)]; the c-myc tag . and the 8F9, 3C7, 6E10, G4, B7 
and 9E10 antibodies thereto [Evan et al., Molecular and Cellula-r 
Biology, 5:3610-3616 (1985)]; and the Herpes Simplex virus 
glycoprotein D (gD) tag and its antibody [Paborsky et al . , Protein 
35 Engineering , 3(6):547-553 (1990)]. Other tag polypeptides include 
the Flag-peptide [Hopp et al . , BioTechnoloay . 6:1204-1210 (1988)]; 
the KT3 epitope peptide [Martin et al . , Science . 255:192-194 
(1992)]; an a-tubulin epitope peptide [Skinner et al . , j. Biol. 
Chenu, 266:15163-15166 (1991)]; and the T7 gene 10 protein peptide 
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tag [Lutz-Freyermuth. et al . , Proc. Natl. Acad. Sci. USA , 87:6393- 
6397 (1990)]. Once the tag polypeptide has been selected, an 
antibody thereto can be generated using the techniques disclosed 
herein. 

Generally, epitope- tagged Apo-2 may be constructed and 
produced according to the methods described above. Epitope- tagged 
Apo-2 is also described in the Examples below. Apo-2-tag 
polypeptide fusions are preferably constructed by fusing the cDRA 
sequence encoding the Apo-2 portion in- frame to the tag polypeptide 
DNA sequence and expressing the resultant DNA fusion construct in 
appropriate host cells. Ordinarily, when preparing the Apo-2-tag 
polypeptide chimeras of the present invention, nucleic acid 
encoding the Apo-2 will be fused at its 3' end to nucleic acid 
encoding the N- terminus of the tag polypeptide, however 5' fusions 
are also possible. For example, a polyhis tidine sequence of about 
5 to about 10 histidine residues may be fused at the N- terminus or 
the C- terminus and used as a purification handle in affinity 
chromatography. 

Epitope -tagged Apo-2 can be purified by affinity 
chromatography using the anti-tag antibody. The matrix to which 
the affinity antibody is attached may include, for instance, 
agarose, controlled pore glass or poly (styrenedivinyl) benzene. The 
epitope -tagged Apo-2 can then be eluted from the affinity column 
using techniques known in the art. 

In another embodiment, the chimeric molecule comprises 
an Apo-2 polypeptide fused to an immunoglobulin sequence. The 
chimeric molecule may also comprise a particular domain sequence of 
Apo-2, such as an extracellular domain sequence of Apo-2 fused to 
an immunoglobulin sequence. This includes chimeras in monomeric, 
homo- or heteromultimeric, and particularly homo- or heterodimeric , 
or -tetrameric forms; optionally, 'the chimeras may be in dimeric 
forms or homodimeric heavy chain forms. Generally, these assembled 
immunoglobulins will have known unit structures as represented by 
the following diagrams . 
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A basic four chain structural unit is the form in which 
IgG, IgD, and IgE exist. A four chain unit is repeated in the 
higher molecular weight immunoglobulins; IgM generally exists as a 
pentamer of basic four-chain units held together by disulfide 
bonds. IgA globulin, and occasionally IgG globulin, may also exist 
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in a multimeric form in serum. In the. case of multimers, each four 
chain unit may be the same or different. 

The following diagrams depict some exemplary monomer, 
homo- and heterodimer and homo- and heteromultimer structures . 
5 These diagrams are merely illustrative, and the chains of the 
multimers are believed to be disulfide bonded in the same fashion 
as native immunoglobulins. 
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In the foregoing diagrams, "A" means an Apo-2 sequence 
or an Apo-2 sequence fused to a heterologous sequence; X is an 
additional agent, which may be the same as A or different, a 
portion of an immunoglobulin superfamily member such as a variable 
region or a variable region-like domain, including a native or 
chimeric immunoglobulin variable region, a toxin such a pseudomonas 
exotoxin or ricin, or a sequence functionally binding to another 
protein, such as other cytokines (i.e., IL-l, interf eron-y) or cell 
surface molecules (i.e., NGFR, CD40, OX40, Fas antigen, T2 proteins 
of Shope and myxoma poxviruses), or a polypeptide therapeutic agent 
not otherwise normally associated with a constant domain; Y is a 
linker or another receptor sequence; and V L/ v H , C L and C H represent 
light or heavy chain variable or constant domains of an 
immunoglobulin. Structures comprising at least one CRD of an Apo-2 
sequence as "A M and another cell-surface protein having a 
repetitive pattern of CRDs (such as TNFR) as "X" are specifically 
included. 

It will be understood that the above diagrams are merely 
exemplary of the possible structures of the chimeras of the present 
invention, and do not encompass all possibilities. For example, 
there might desirably be several different "A" s , "X"s, or M Y"s in 
any of these constructs. Also, the heavy or light chain constant 
domains may be originated from the same or different 
immunoglobulins. All possible permutations of the illustrated and 
similar structures are all within the scope of the invention 
herein. 

In general, the chimeric molecules can be constructed in. 
a fashion similar to chimeric antibodies in which a variable domain 
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from an antibody of one species is substituted for the variable 
domain of another species. See, for example, EP 0 125 023; EP 
173,494; Munro, Nature, 312:597 (13 December 1984); Neuberger et 
al., Nature, 312:604-608 (13 December 1984); Sharon et al., Nature , 
309:364-367 (24 May 1984); Morrison et al . , Proc. Nat 1 1 . Acad. Sci. 
USA, 81:6851-6855 (1984); Morrison et al., Science , 229:1202-1207 
(1985); Boulianne et al . , Nature , 312:643-646 (13 December 1984); 
Capon et al . , Nature, 337:525-531 (1989); Traunecker et al., 
Nature, 339 : 68-70 (1989). 

Alternatively, the chimeric molecules may be constructed 
as follows. The DNA including a region encoding the desired 
sequence, such as an Apo-2 and/or TNFR sequence, is cleaved by a 
restriction enzyme at or proximal to the 3' end of the DNA encoding 
the immunoglobulin-like domain (s) and at a point at or near the DNA 
encoding the N- terminal end of the Apo-2 or TNFR polypeptide (where 
use of a different leader is contemplated) or at or proximal to the 
N- terminal coding region for TNFR (where the native signal is 
employed) . This DNA fragment then is readily inserted proximal to 
DNA encoding an immunoglobulin light or heavy chain constant region 
and, if necessary, the resulting construct tailored by deletional 
mutagenesis. Preferably, the Ig is a human immunoglobulin when the 
chimeric molecule is intended for in vivo therapy for humans. DNA 
encoding immunoglobulin light or heavy chain constant regions is 
known or readily available from cDNA libraries or is synthesized. 
See for example, Adams et al . , Biochemistry , 1^:2711-2719 (1980); 
Gough et al . , Biochemistry . 19:2702-2710 (1980); Dolby et al . , 

Proc. Natl., Ac ad. Sci. . USA . 77 : 6027- 603 1 ( 1980 ) ; Rice et al . , 

Proc. N atl. Acad. Sci. , 7,9:7862-7865 (1982); Falkner et al . , 

Nature, 298:286-288 (1982); and Morrison et al-. , Ann. Rev. 
Immunol . , 2:239-256 (1984). 

Further details of how to prepare such fusions are found 
in publications concerning the preparation of immunoadhesins . 
Immunoadhesins in general, and CD4-Ig fusion molecules specifically 
are disclosed in WO 89/02922, published 6 April 1989. Molecules 
comprising the extracellular portion of CD4 , the receptor for human 
immunodeficiency virus (HIV) , linked to IgG heavy chain constant 
region are known in the art and have been found to have a markedly 
longer half-life and lower clearance than the soluble extracellular 
portion of CD4 [Capon et al., supra ; Byrn et al . , Nature, 344:667 
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(1990)]. The construction of specific chimeric TNFR-IgG molecules 
is also described in Ashkenazi et al. Proc. Natl. Acad. Sci . . 
88:10535-10539 (1991); Lesslauer et al . [ J. Cell. Biochem. 
Supplement 15F, 1991, p. 115 (P 432)]; and Peppel and Beutler, J, 
Cell. Biochem. Supplement 15F , 1991, p. 118 (P 439)] . 

B. Therapeutic and Non- therapeutic Uses for Apo-2 

Apo-2, as disclosed in the present specification, can be 
employed therapeutically to induce apoptosis in mammalian cells. 
This therapy can be accomplished for instance, using in vivo or ex 
vivo gene therapy techniques and includes the use of the death 
domain sequences disclosed herein. The Apo-2 chimeric molecules 
(including the chimeric molecules containing an extracellular 
domain sequence of Apo-2) comprising immunoglobulin sequences can 
also be employed therapeutically to inhibit apoptosis or NF-KB 
induction by Apo-2L or by another ligand that Apo-2 binds to. 

The Apo-2 of the invention also has utility in non- 
therapeutic applications. Nucleic acid sequences encoding the Apo- 
2 may be used as a diagnostic for tissue-specific typing. For 
example, procedures like in situ hybridization, Northern and 
Southern blotting, and PCR analysis may be used to determine 
whether DNA and/or RNA encoding Apo-2 is present in the cell 
type(s) being evaluated. Apo-2 nucleic acid will also be useful 
for the preparation of Apo-2 by the recombinant techniques 
described herein. 

The isolated Apo-2 may be used in quantitative 
diagnostic assays as a control against which samples containing 
unknown quantities of Apo-2 may be prepared. Apo-2 preparations 
are also useful in generating antibodies, as standards in assays 
for Apo-2 (e.g., by labeling Apo-2 for use as a standard in a 
radioimmunoassay, radioreceptor ' assay, or enzyme-linked 
immunoassay), in affinity purification techniques, and in 
competitive- type receptor binding assays when labeled with, for 
instance, radioiodine, enzymes, or f luorophores.. 

Modified forms of the Apo-2, such as the Apo-2-IgG 
chimeric molecules (immunoadhesins) described above, can be used as 
immunogens in producing anti-Apo-2 antibodies. 

Nucleic acids which encode Apo-2 or its modified forms 
can also be used to generate either transgenic animals or "knock 
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out" animals which, in turn, are useful in the development and 
screening of therapeutically useful reagents. A transgenic animal 
(e.g., a mouse or rat) is an animal having cells that contain a 
transgene, which transgene was introduced into the animal or an 
ancestor of the animal at a prenatal, e.g., an embryonic stage. A 
transgene is a ~DNA which is integrated into the genome of a cell 
from which a transgenic animal develops. In one embodiment, cDNA 
encoding Apo-2 or an appropriate sequence thereof (such as Apo-2- 
IgG) can be used to clone genomic DNA encoding Apo-2 in accordance 
with established techniques and the genomic sequences used to 
generate transgenic animals that contain cells which express DNA 
encoding Apo-2. Methods for generating transgenic animals, 
particularly animals such as mice or rats, have become conventional 
in the art and are described, for example, in U.S. Patent Nos. 
4,736,866 and 4,870,009. Typically, particular cells would be 
targeted for Apo-2 transgene incorporation with tissue-specific 
enhancers. Transgenic animals that include a copy of a transgene 
encoding Apo-2 introduced into the germ line of the animal at an 
embryonic stage can be used to examine the effect of increased 
expression of DNA encoding Apo-2. Such animals can be used as 
tester animals for reagents thought to confer protection from, for 
example, pathological conditions associated with excessive 
apoptosis. In accordance with this facet of the invention, an 
animal is treated with the reagent and a reduced incidence of the 
pathological condition, compared to untreated animals bearing the 
transgene, would indicate a potential therapeutic intervention for 
the pathological condition. In another embodiment, transgenic 
animals that carry a soluble form of Apo-2 such as an Apo-2 ECD or 
an immunoglobulin chimera of such form could be constructed to test 
the effect of chronic neutralization of Apo-2L, a ligand of Apo-2. 

Alternatively, non-human- homologues of Apo-2 can be used 
to construct an Apo-2 "knock out" animal which has a defective or 
altered gene encoding Apo-2 as a result of homologous recombination 
between the endogenous gene encoding Apo-2 and altered genomic DNA 
encoding Apo-2 introduced into an embryonic cell of the animal. 
For example, cDNA encoding Apo-2 can be used to clone genomic DNA 
encoding Apo-2 in accordance with established techniques. A 
portion of the genomic DNA encoding Apo-2 can be deleted or 
replaced with another gene, such as a gene encoding a selectable 
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marker which can be used to monitor integration. Typically, 
several kilobases of unaltered flanking DNA (both at the 5' and 3' 
ends) are included in the vector [see e.g., Thomas and Capecchi , 
Cell, 51:503 (1987) for a description of homologous recombination 
5 vectors] . The vector is introduced into an embryonic stem cell 
line (e.g., by '^electroporation) and cells in which the introduced 
DNA has homologously recombined with the endogenous DNA are 
selected [see e.g., Li et al . , Cell , 69:915 (1992)]. The selected 
cells are then injected into a blastocyst of an animal (e.g., a 

10 mouse or rat) to form aggregation chimeras [see e.g., Bradley, in 
Teratocarcinomas and Embryonic Stem Cells: A Practical Approach, E. 
J. Robertson, ed. (IRL, Oxford, 1987), pp. 113-152]. A chimeric 
embryo can then be implanted into a suitable pseudopregnant female 
foster animal and the embryo brought to term to create a "knock 

15 out" animal. Progeny harboring the homologously recombined DNA in 
their germ cells can be identified by standard techniques and used 
to breed animals in which all cells of the animal contain the 
homologously recombined DNA. Knockout animals can be characterized 
for instance, for their ability to defend against certain 

20 pathological conditions and for their development of pathological 
conditions due to absence of the Apo-2 polypeptide, including for 
example, development of tumors. 

C. Anti-Apo-2 Antibody Preparation 

25 The present invention further provides anti-Apo-2 

antibodies. Antibodies against Apo-2 may be prepared as follows. 
Exemplary antibodies include polyclonal, monoclonal, humanized, 
bispecific, and he terocon jugate antibodies. 

1 . Polyclonal Antibodies 

30 The Apo-2 antibodies may comprise polyclonal antibodies. 

Methods of preparing polyclonal antibodies are known to the skilled 
artisan. Polyclonal antibodies can be raised in a mammal, for 
example, by one or more injections of an immunizing agent and, if 
desired, an adjuvant. Typically, the immunizing agent and/or 

3 5 adjuvant will be injected in the mammal by multiple subcutaneous or 
intraperitoneal injections. The immunizing agent may include the 
Apo-2 polypeptide or a fusion protein thereof. An example of a 
suitable immunizing agent is an Apo-2-IgG fusion protein, such as 
an Apo-2 ECD-IgG fusion protein. Cells expressing Apo-2 at their 
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surface may also be employed. It may be useful to conjugate the 
immunizing agent to a protein known to be immunogenic in the mammal 
being immunized. Examples of such immunogenic proteins which may 
be employed include but are not limited to keyhole limpet 
hemocyanin, serum albumin, bovine thyroglobulin, and soybean 
trypsin inhibitor. An aggregating agent such as alum may also be 
employed to enhance the mammal's, immune response. Examples of 
adjuvants which may be employed include Freund's complete adjuvant 
and M PL -TDM adjuvant (monophosphoryl Lipid A, synthetic trehalose 
dicorynomycolate) . The immunization protocol may be selected by one 
skilled in the art without undue experimentation. The mammal can 
then be bled, and the serum assayed for antibody titer. If 
desired, the mammal can be boosted until the antibody titer 
increases or plateaus. 

2 . Monoclonal Antibodies 

The Apo-2 antibodies may, alternatively, be monoclonal 
antibodies. Monoclonal antibodies may be prepared using hybridoma 
methods, such as those described by Kohler and Milstein, supra . In 
a hybridoma method, a mouse, hamster, or other appropriate host 
animal, is typically immunized (such as described above) with an 
immunizing agent to elicit lymphocytes that produce or are capable 
of producing antibodies that will specifically bind to the 
immunizing agent. Alternatively, the lymphocytes may be immunized 
in vitro. 

The immunizing agent will typically include the Apo-2 
polypeptide or a fusion protein thereof. An example of a suitable 
immunizing agent is an Apo- 2 - IgG : fusion protein or chimeric 
molecule. A specific example of an Apo-2 ECD- IgG immunogen is 
described in Example 9 below. Cells expressing Apo-2 at their 
surface may also be employed. Generally, either peripheral blood 
lymphocytes ("PBLs") are used if cells of human origin are desired, 
or spleen cells or lymph node cells are used if non-human mammalian 
sources are desired. The lymphocytes are then fused with an 
immortalized cell line using a suitable fusing agent, such as 
polyethylene glycol, to form a hybridoma cell [Goding, Monoclonal 
Antibodies: Principles an d Practice , Academic Press, (1986) pp. 59- 
103] . Immortalized cell lines are usually transformed mammalian 
cells, particularly myeloma cells of rodent, bovine and human 
origin. Usually, rat or mouse myeloma cell lines are employed. 
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The hybridoma cells may be cultured in a suitable culture medium 
that preferably contains one or more substances that inhibit the 
growth or survival of the unfused, immortalized cells. For 
example, if the parental transformed cells lack the enzyme 
5 hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT) , 
the culture medium for the hybridomas typically will include 
hypoxanthine, aminopterin, and thymidine ("HAT medium") , which 
substances prevent the growth of HGPRT -deficient cells. 

Preferred immortalized cell lines are those that fuse 

10 efficiently, support stable high level expression of antibody by 
the selected antibody-producing cells, and are sensitive to a 
medium such as HAT medium. More preferred immortalized cell lines 
are murine myeloma lines, which can be obtained, for instance, from 
the Salk Institute Cell Distribution Center, San Diego, California 

15 and the American Type Culture Collection, Manassas, Virginia. 
Human myeloma and mouse-human heteromyeloma cell lines also have 
been described for the production of human monoclonal antibodies 
[Kozbor, J . Immunol . . 131:3001 (1984); Brodeur et al . , Monoclonal 
Antibod y Production Techniques and Applications . Marcel Dekker, 

20 Inc., New York, (1987) pp. 51-63]. 

The culture medium in which the hybridoma cells are 
cultured can then be assayed for the presence of monoclonal 
antibodies directed against Apo-2. Preferably, the binding 
specificity of monoclonal antibodies produced by the hybridoma 

25 cells is determined by immunoprecipitation or by an in vitro 
binding assay, such as radioimmunoassay (RIA) or enzyme-linked 
immunoabsorbent assay (ELISA) . Such techniques and assays are 
known in the art. The binding affinity of the monoclonal antibody 
can, for example, be determined by the Scatchard analysis of Munson 

30 and Pollard, Anal. Biochem. . 107:220 (1980). 

After the desired hybridoma cells are identified, the 
clones may be subcloned by limiting dilution procedures and grown 
by standard methods [Goding, supra l . Suitable culture media for 
this purpose include, for example, Dulbecco's Modified Eagle's 

35 Medium and RPMI-1640 medium. Alternatively, the hybridoma cells 
may be grown in vivo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones may 
be isolated or purified from the culture medium or ascites fluid by 
conventional immunoglobulin purification procedures such as, for 
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example, protein A-Sepharose, hydroxylapatite chromatography, gel 
electrophoresis, dialysis, or affinity chromatography. 

The monoclonal antibodies may also be made by 
recombinant DNA methods, such as those described in U.S. Patent No. 
4,816,567. DNA encoding the monoclonal antibodies of the invention 
can be readily isolated and sequenced using conventional procedures 
(e.g., by using oligonucleotide probes that are capable of binding 
specifically to genes encoding the heavy' and light chains of murine 
antibodies) . The hybridoma cells of the invention serve as a 
preferred source of such DNA. Once isolated, the DNA may be placed 
into expression vectors, which are then transfected into host cells 
such as simian COS cells, Chinese hamster ovary (CHO) cells, or 
myeloma cells that do not otherwise produce immunoglobulin protein, 
to obtain the synthesis of monoclonal antibodies in the recombinant 
host cells. The DNA also may be modified, for example, by 
substituting the coding sequence for human heavy and light chain 
constant domains in place of the homologous murine sequences [U.S. 
Patent No. 4,816,567; Morrison et al . , supra ] or by covalently 
joining to the immunoglobulin coding sequence all or part of the 
coding sequence for a non- immunoglobulin polypeptide. Such a non- 
immunoglobulin polypeptide can be substituted for the constant 
domains of an antibody of the invention, or can be substituted for 
the variable domains of one antigen- combining site of an antibody 
of the invention to create a chimeric bivalent antibody. 

As described in the Examples below, anti-Apo-2 
monoclonal antibodies have been prepared. One of these antibodies, 
3F11.39.7, has been deposited with ATCC and has been assigned 
deposit accession no. HB-12456. In one embodiment, the monoclonal 
antibodies of the invention will have the same biological 
characteristics as the monoclonal antibodies secreted by the 
hybridoma cell line(s) deposited under Accession No. HB-12456. The 
term "biological characteristics" is used to refer to the in vitro 
and/or in vivo activities or properties of the monoclonal antibody, 
such as the ability to specifically bind to Apo-2 or to 
substantially block, induce or enhance Apo-2 activation. As 
disclosed in the present specification, the 3F11.3 9.7 monoclonal 
antibody (HB-12456) is characterized as having agonistic activity 
for inducing apoptosis, binding to the Apo-2 receptor, having 
blocking activity as described in the Examples below, and having 
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some cross-reactivity to DR4 but not to DcRl or DcR2 . Optionally, 
the monoclonal antibody will bind to the same epitope as the 
3F11.39.7 antibody disclosed herein. This can be determined by 
conducting various assays, such as described herein and in the 
5 Examples. For instance, to determine whether a monoclonal antibody 
has the same specificity as the 3F11.39.7 antibody specifically 
disclosed, one can compare activity in Apo-2 blocking and apoptosis 
induction assays, such as those described in the Examples below. 

The antibodies of the invention may also comprise 

10 monovalent antibodies. Methods for preparing monovalent antibodies 
are well known in the art. For example, one method involves 
recombinant expression of immunoglobulin light chain and modified 
heavy chain. The heavy chain is truncated generally at any point 
in the Fc region so as to prevent heavy chain crosslinking . 

15 Alternatively, the relevant cysteine residues are substituted with 
another amino acid residue or are deleted so as to prevent 
crosslinking. 

In vitro methods are also suitable for preparing 
monovalent antibodies. Digestion of antibodies to produce 

20 fragments thereof, particularly, Fab fragments, can be accomplished 
using routine techniques known in the art. For instance, digestion 
can be performed using papain. Examples of papain digestion are 
described in WO 94/29348 published 12/22/94 and U.S. Patent No. 
4,342,566. Papain digestion of antibodies typically produces two 

25 identical antigen binding fragments, called Fab fragments, each 
with a single antigen binding site, and a residual Fc fragment. 
Pepsin treatment yields an F(ab f ) 2 fragment that has two antigen 
combining sites and is still capable of cross-linking antigen. 

The Fab fragments produced in the antibody digestion 

30 also contain the constant domains of the light chain and the first 
constant domain (CHi) of the heavy chain. Fab' fragments differ 
from Fab fragments by the addition of a few residues at the carboxy 
terminus of the heavy chain CH X domain including one or more 
cysteines from the antibody hinge region. Fab'-SH is the 

35 designation herein for Fab* in which the cysteine residue (s) of the 
constant domains bear a free thiol group. F(ab ! ) 2 antibody 
fragments originally were produced as pairs of Fab* fragments which 
have hinge cysteines between them. Other chemical couplings of 
antibody fragments are also known. 
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3 . Human i z e d An t ibod i e s 

The Apo-2 antibodies of the invention may further 
comprise humanized antibodies or human antibodies. Humanized forms 
of non-human (e.g., murine) antibodies are chimeric 
5 immunoglobulins, immunoglobulin chains or fragments thereof (such 
as Fv, Fab, Fab 1 , F(ab') 2 or other antigen-binding subsequences of 
antibodies) which contain minimal t sequence derived from non-human 
immunoglobulin. Humanized antibodies include human immunoglobulins 
(recipient antibody) in which residues from a complementary 

10 determining region (CDR) of the recipient are replaced by residues 
from a CDR of a non-human species (donor antibody) such as mouse, 
rat or rabbit having the desired specificity, affinity and 
capacity. In some instances, Fv framework residues of the human 
immunoglobulin are replaced by corresponding non-human residues . 

15 Humanized antibodies may also comprise residues which are found 
neither in the recipient antibody nor in the imported CDR or 
framework sequences. In general, the humanized antibody will 
comprise substantially all of at least one, and typically two, 
variable domains,, in which all or substantially all of the CDR 

20 regions correspond to those of a non-human immunoglobulin and all 
or substantially all of the FR regions are those of a human 
immunoglobulin consensus sequence. The humanized antibody 

optimally also will comprise at least a portion of an 
immunoglobulin constant region (Fc) , typically that of a human 

25 immunoglobulin [Jones et al., Nature , 321 :522-525 (1986); Riechmann 
et al., Nature, 332 :323-329 (1988); and Presta, Curr. Op. Struct. 
Biol. , 2:593-596 (1992)]. 

Methods for humanizing non-human antibodies are well 
known in the art. Generally, a humanized antibody has one or more 

3 0 amino acid residues introduced into it from a source which is non- 
human. These non-human amino acid residues are often referred to 
as "import" residues, which are typically taken from an "import" 
variable domain. Humanization can be essentially performed 
following the method of Winter and co-workers [Jones et al., 

35 Nature, 121:522-525 ( 1986 ); Riechmann. et al . , Nature , 332:323-327 
(1988); Verhoeyen et al . , Science , 229:1534-1536 (1988)], by 
substituting rodent CDRs or CDR sequences for the corresponding 
sequences of a human antibody. Accordingly, such "humanized" 
antibodies are chimeric antibodies (U.S. Patent No. .4,816,567), 
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wherein substantially less than an intact human variable domain has 
been substituted by the corresponding sequence from a non-human 
species. In practice, humanized antibodies are typically human 
antibodies in which some CDR residues and possibly some FR residues 
are substituted by residues from analogous sites in rodent 
antibodies. 

The choice of human variable domains, both light and 
heavy, to be used in making the humanized antibodies is very 
important in order to reduce antigenicity. According to the "best- 
fit" method, the sequence of the variable domain of a rodent 
antibody is screened against the entire library of known human 
variable domain sequences. The human sequence which is closest to 
that of the rodent is then accepted as the human framework (FR) for 
the humanized antibody [Sims et al., J. Immunol. . 151:2296 (1993); 
Chothia and Lesk, J. Mol . Biol. . 196:901 (1987)]. Another method 
uses a particular framework derived from the consensus sequence of 
all human antibodies of a particular subgroup of light or heavy 
chains. The same framework may be used for several different 
humanized antibodies [Carter et al . , Proc . Natl. Acad. Sci. USA . 
89:4285 (1992); Presta et al . , J. Immunol. . 151:2623 (1993)]. 

It is further important that antibodies be humanized 
with retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a process of 
analysis of the parental sequences and various conceptual humanized 
products using three dimensional models of the parental and 
humanized sequences. Three dimensional immunoglobulin models are 
commonly available and are familiar to those skilled in the art. 
Computer programs are available which illustrate and display 
probable three-dimensional conformational structures of selected 
candidate immunoglobulin sequences Inspection of these displays 
permits analysis of the likely role of the residues in the 
functioning of the candidate immunoglobulin sequence, i.e., the 
analysis of residues that influence the ability of the candidate 
immunoglobulin to bind its antigen. In this way, FR residues can 
be selected and combined from the consensus and import sequence so 
that the desired antibody characteristic, such as. increased 
affinity for the target antigen(s),, is achieved. In general, the 
CDR residues are directly and most substantially involved in 
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influencing antigen binding [see, WO 94/04679 published 3 March 
1994] . 

Transgenic animals (e.g., mice) that are capable, upon 
immunization, of producing a full repertoire of human antibodies in 
5 the absence of endogenous immunoglobulin production can be 
employed. Transfer of the human germ- line immunoglobulin gene 
array in such germ- line mutant mice will result in the production 
of human antibodies upon antigen challenge [see, e.g., Jakobovits 
et al., Proc. Natl. Acad. Sci. USA , 90:2551-255 (1993); Jakobovits 

10 et al., Nature , 362:255-258 (1993); Bruggemann et al., Year in 
Immuno, , 7:33 (1993)]. 

Human antibodies can also be produced in phage display 
libraries [Hoogenboom and Winter, J. Mol . Biol. , 227:381 (1992); 
Marks et al., J. Mol. Biol. . 222:581 (1991)]. The techniques of 

15 Cole et al. and Boerner et al. are also available for the 
preparation of human monoclonal antibodies (Cole et al . , Monoclonal 
Antibodies and Cancer Therapy , Alan R. Liss, p. 77 (1985) and 
Boerner et al . , J. Immunol. , 147 (1) :86-95 (1991)]: Suitable 
methods for preparing phage libraries have been reviewed and are 

20 described in Winter et al . , Annu. Rev. Immunol. . 12:433-55 (1994); 
Soderlind et al . , Immunological Reviews , 130 : 109-123 (1992); 
Hoogenboom, Tibtech February 1997, Vol. 15; Neri et al . , Cell 
Biophysics. 27:47-61 (1995). Libraries of single chain antibodies 
may also be prepared by the methods described in WO 92/01047, WO 

25 92/20791, WO 93/06213, WO 93/11236, WO 93/19172, WO 95/01438 and 
WO 95/15388. Antibody libraries are also commercially available, 
for example, from Cambridge Antibody Technologies (C.A.T.), 
Cambridge, UK. Binding selection against an antigen, in this case 
Apo-2, can be carried out as described in greater detail in the 

3 0 Examples below. 

As described in the Examples below, anti-Apo-2 single- 
chain Fv (scFv) antibodies have been identified using a phage 
display library. Three of these antibodies, referred to herein as 
16E2, 24C4 and 20E6, have been sequenced and characterized. The 

35 respective DNA and amino acid sequences and complementarity 
determining regions of these antibodies are shown in Figures ISA- 
ISC and 16. In one embodiment of the invention, scFv Apo-2 
antibodies will have the same biological characteristics as the 
16E2, 24C4 or 20E6 antibodies identified herein. The term 
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"biological characteristics" is used to refer to the in vitro 
and/or in vivo activities or properties of the scFv antibody, such 
as the ability to specifically bind to Apo-2 or to substantially 
induce or enhance Apo-2 activation. As disclosed in the present 
specification, the 16E2, 24C4 and 20E6 antibodies are characterized 
as binding tcf Apo-2, having agonistic activity for inducing 
apoptosis, and having no cross-reactivity to DR4 or several of the 
other known molecules recognized by the Apo-2 ligand. Optionally, 
the scFv Apo-2 antibody will bind to the same epitope or epitopes 
recognized by the 16E2, 24C4 or 20E6 antibodies disclosed herein. 
This can be determined by conducting various assays, such as 
described herein and in the Examples. For instance, to determine 
whether a scFv antibody has the same specificity as the 16E2, 24C4 
or 20E6 antibodies specifically disclosed, one can compare activity 
in apoptosis induction assays, such as those described in the 
Examples below. 

Optionally the scFv antibodies to Apo-2 may include 
antibodies which contain a VH and VL chain that include one or 
more complementarity determining region (CDR) amino acid sequences 
identified in Figure 16 for the 16E2, 20E6, or 24C4 antibodies. 

4 . Bispecific Antibodies 

Bispecific antibodies are monoclonal, preferably human 
or humanized, antibodies that have binding specificities for at 
least two different antigens. In the present case, one of the 
binding specificities is for the Apo-2, the other one is for any 
other .antigen, and preferably for a cell-surface protein or 
receptor or receptor subunit . 

Methods for making bispecific antibodies are known in 
the art. Traditionally, the recombinant production of bispecific 
antibodies is based on the co-expression of two immunoglobulin 
heavy -chain/ light -chain pairs, where the two heavy chains have 
different specificities [Milstein and Cuello, Nature, 305 :537-539 
(1983)]. Because of the random assortment of immunoglobulin heavy 
and light chains, these hybridomas (quadromas) produce a potential 
mixture of ten different antibody molecules, of which only one has 
the. correct bispecific structure. The purification of the correct 
molecule is usually accomplished by affinity chromatography steps. 
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Similar procedures are disclosed in WO 93/08829, published 13 May 
1993, and in Traunecker et al., EMBO J. , 10:3655-3659 (1991). 

According to a different and more preferred approach, 
antibody variable domains with the desired binding specificities 
(antibody-antigen combining sites) are fused to immunoglobulin 
constant ddmairi sequences. The fusion preferably is with an 
immunoglobulin heavy- chain constant domain, comprising at least 
part of the hinge, CH2 , and CH3 regions'. It is preferred to have 
the first heavy-chain constant region (CHI) containing the site 
necessary for light -chain binding present in at least one of the 
fusions. DNAs encoding the immunoglobulin heavy- chain fusions and, 
if desired, the immunoglobulin light chain, are inserted into 
separate expression vectors, and are co- transf ected into a suitable 
host organism. This provides for great flexibility in adjusting 
the mutual proportions of the three polypeptide fragments in 
embodiments when unequal ratios of the three polypeptide chains 
used in the construction provide the optimum yields. It is, 
however, possible to insert the coding sequences for two or all 
three polypeptide chains in one expression vector when the 
expression of at least two polypeptide chains in equal ratios 
results in high yields or when the ratios are of no particular 
significance. In a preferred embodiment of this approach, the 
bispecific antibodies are composed of a hybrid immunoglobulin heavy 
chain with a first binding specificity in one arm, and a hybrid 
immunoglobulin heavy- chain/ light -chain pair (providing a second 
binding specificity) in the other arm. It was found that this 
asymmetric structure facilitates the separation of the desired 
bispecific compound from unwanted immunoglobulin chain 
combinations, as the presence of an immunoglobulin light chain in 
only one half of the bispecific molecule provides for a facile way 
of separation. This approach is disclosed in WO 94/04690 published 
3 March 1994. For further details of generating bispecific 
antibodies see, for example, Suresh et al . , Methods in Enzvmoloay . 
121:210 (1986) . 

5 . Heteroconiucrate Antibodies 

Heteroconjugate antibodies are also within the scope of 
the present invention. Heteroconjugate antibodies are composed of 
two covalently joined antibodies. Such antibodies have, for 
example, been proposed to target immune system cells to unwanted 
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cells [US Patent No. 4,676,980], and for treatment of HIV infection 
[WO 91/00360; WO 92/200373; EP 03089]. It is contemplated that the 
antibodies may be prepared in vitro using known methods in 
synthetic protein chemistry, including those involving crosslinking 
agents. For example, immunotoxins may be constructed using a 
disulfide exchange reaction or by forming a thioether bond. 
Examples of suitable reagents for this purpose include 
iminothiolate and methyl- 4 -mercaptobutyrimidate and those 
disclosed, for example, in U.S. Pat. No. 4,676,980. 

6 . Triabodies 

Triabodies are also within the scope of the invention. 
Such antibodies are described for instance in Iliades et al., FEBS 
Letters, 409:437-441 (1997) and Korrt et al . , Protein Engineering , 
10:423-433 (1997) . 

7 . Other Modifications 

Other modifications of the Apo-2 antibodies are 
contemplated. For example, it may be desirable to modify the 
antibodies of the invention with respect to effector function, so 
as to enhance the therapeutic effectiveness of the antibodies. For 
instance, cysteine residue (s) may be introduced into the Fc region, 
thereby allowing interchain disulfide bond formation in this 
region. The homodimeric antibody thus generated may have improved 
internalization capability and/or increased complement -mediated 
cell killing [see, e.g., Caron et al., J . Exp . Med . , 176:1191-1195 

(1992) ; Shopes, J. Immunol. . 14B: 2918-2922 (1992). Homodimeric 
antibodies may also be prepared using heterobif unctional cross- 
linkers as described in Wolff et al . , Cancer Research , 53:2560-2565 

(1993) . Ghetie et al . , Proc . Natl. Acad. Sci. . 94:7509-7514 
(1997), further describe preparation of IgG-IgG homodimers and 
disclose that such homodimers can enhance apoptotic activity as 
compared to the monomers. Alternatively, the antibodies can be 
engineered to have dual Fc regions [see, Stevenson et al., Anti- 
Cancer Drug Design , 3:219-230 (1989)]. 

It may be desirable to modify the amino acid sequences 
of the antibodies disclosed herein. Sequences within the scFv 
complementary determining or linker regions (as shown in Figure 16) 
may be modified for instance to modulate the biological activities 
of these antibodies. Variations in the full-length scFv sequence or 
in various domains of the scFv molecules described herein, can be 
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made, for example, using any of the techniques and guidelines for 
conservative and non- conservative mutations set forth, for 
instance, in U.S. Pat. No. 5,364,934. Variations may be a 
substitution, deletion or insertion of one or more codons encoding 
5 a scFv that results in a change in the amino acid sequence of the 
scFv as compared with the native sequence scFv. Optionally, the 
variation is by substitution of at least one amino acid with any 
other amino acid in one or more of ' the domains of the scFv 
molecule. The variations can be made using methods known in the 

10 art such as oligonucleotide-mediated (site-directed) mutagenesis, 
alanine scanning, and PCR mutagenesis. Site-directed mutagenesis 
[Carter et al . , Nucl. Acids Res. , 13:4331 (1986); Zoller et al . , 
Nucl . Acids Res . , 10:6487 (1987)], cassette mutagenesis [Wells et 
al . , Gene , 34:315 (1985)], restriction selection mutagenesis [Wells 

15 et al., Philos. Trans. R. Soc. London SerA , 317:415 (1986)] or 
other known techniques can be performed on the cloned DNA to 
produce the scFv variant DNA. 

The antibodies may optionally be covalently attached or 
conjugated to one or more chemical groups. A polyol, for example, 

20 can be conjugated to an antibody molecule at one or more amino acid 
residues, including lysine residues as disclosed in WO 93/00109. 
Optionally, the polyol is a poly (alkelene glycol) , such as 
poly (ethylene glycol) (PEG), however, those skilled in the art 
recognize that other polyols, such as, for example, poly (propylene 

2 5 glycol) and polyethylene -polypropylene glycol copolymers, can be 
employed using techniques for conjugating PEG to polypeptides. A 
variety of methods for pegylating polypeptides have been described. 
See, e.g. U.S. Patent No. 4,179,337 which discloses the conjugation 
of a number of hormones and enzymes to PEG and polypropylene glycol 

30 to produce physiologically active compositions having reduced 
immunogenicities . 

The antibodies may also be fused or linked to another 
heterologous polypeptide or amino acid sequence such as an epitope 
tag. Epitope tag polypeptides and methods of their use are 

35 described above in Section A, paragraph 8. Any of the tags 
described herein may be linked to the antibodies. The Examples 
below, for instance, describe His-tagged and gD- tagged single-chain 
antibodies . 
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D. Therapeutic Uses for Apo-2 Antibodies 
The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, . may be employed 
to activate or stimulate apoptosis in cancer cells. Accordingly, 
5 the invention provides methods for treating cancer using such Apo- 
2 antibodies, '"it is of course contemplated that the methods of 
the invention can be employed in combination with still other 
therapeutic techniques such as surgery. 

The agonist is preferably administered to the mammal in 

10 a carrier. Suitable carriers and their formulations are described 
in Remington | s Pharmaceutical Sciences , 16th ed. , 1980, Mack 
Publishing Co., edited by Oslo et al . Typically, an appropriate 
amount of a pharmaceutically-acceptable salt is used in the 
formulation to render the formulation isotonic. Examples of a 

15 pharmaceutically-acceptable carrier include saline, Ringer's 
solution and dextrose solution. The pH of the solution is 
preferably from about 5 to about 8, and more preferably from about 
7 to about 7.5. Further carriers include sustained release 
preparations such as semipermeable matrices of solid hydrophobic 

20 polymers containing the agonist, which matrices are in the form of 
shaped articles, e.g., films, liposomes or microparticles . It 
will be apparent to those persons skilled in the art that certain 
carriers may be more preferable depending upon, for instance, the 
route of administration and concentration of agonist being 

25 administered. 

The agonist antibody can be administered to the mammal 
by injection (e.g., intravenous, intraperitoneal, subcutaneous, 
intramuscular) , or by other methods such as infusion that ensure 
its delivery to the bloodstream in an effective form. The agonist 

3 0 may also be administered by intratumoral , peri tumoral, 
intralesional , or perilesional routes, to exert local as well as 
systemic therapeutic effects. Local or intravenous injection is 
preferred. 

Effective dosages and schedules for administering the 
35 agonist antibody may be determined empirically, and making such 
determinations is within the skill in the art. Those skilled in 
the art will understand that the dosage of agonist that must be 
administered will vary depending on, for example, the mammal which 
will receive the agonist, the route of administration, the 
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particular type of agonist used and other drugs being administered 
to the mammal. Guidance in selecting appropriate doses for 
antibody agonists is found in the literature on therapeutic uses 
of antibodies, e.g., Handbook of Monoclonal Antibodies , Ferrone et 
5 al., eds., Noges Publications, Park Ridge, N.J. , (1985) ch. 22 and 
pp. 303-357; Smith et al . , Antibodies in Human Diagnosis and 
Therapy , Haber et al . , eds., Raven Press, New York (1977) pp. 365- 
389. A typical daily dosage of the agonist used alone might range 
from about 1 jig/kg to up to 100 mg/kg of body weight or more per 

10 day, depending on the factors mentioned above. 

The agonist antibody may also be administered to the 
mammal in combination with effective amounts of one or more other 
therapeutic agents or in conjunction with radiation treatment. 
Therapeutic agents contemplated include chemotherapeutics as well 

15 as immunoadjuvants and cytokines. Chemotherapies contemplated by 
the invention include chemical substances or drugs which are known 
in the art and are commercially available, such as Doxorubicin, 5- 
Fluorouracil , Cytosine arabinoside ("Ara-C") , Cyclophosphamide, 
Thiotepa, Busulfan, Cytoxin, Taxol , Methotrexate, Cisplatin, 

20 Melphalan, Vinblastine and Carboplatin . The agonist may be 
administered sequentially or concurrently with the one or more 
other therapeutic agents. The amounts of agonist and therapeutic 
agent depend, for example, on what type of drugs are used, the 
cancer being treated, and the scheduling and routes of 

25 administration but would generally be less than if each were used 
individually. 

Following administration of agonist to the mammal, the 
mammal's cancer and physiological condition can be monitored in 
various ways well known to the skilled practitioner. For 

30 instance, tumor mass may be observed physically or by standard x- 
ray imaging techniques . 

The Apo-2 antibodies of the invention may also be useful 
in enhancing immune -mediated cell death in cells expressing Apo-2, 
for instance, through complement fixation or ADCC. Alternatively, 

35 antagonistic antibodies may be used to block excessive apoptosis 
(for instance in neurodegenerative disease) or to block potential 
autoimmune/ inflammatory effects of Apo-2 resulting from NF-kB 
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activation. Such antagonistic antibodies can be utilized according 
to the therapeutic methods and techiques described above. 

E. Non- therapeutic Uses for Apo-2 Antibodies 
Apo-2 antibodies may further be used in diagnostic 
assays for Apo-2, e.g., detecting its expression in specific cells, 
tissues, or serum. Various diagnostic assay techniques known in 
the art may be used, such as competitive binding assays, direct or 
indirect sandwich assays and immunoprecipitat ion assays conducted 
in either heterogeneous or homogeneous phases [Zola, Monoclonal 
Antibodies: A Manual of Techniques , CRC Press, Inc. (1987) pp. 147- 
158] . The antibodies used in the diagnostic assays can be labeled 
with a detectable moiety. The detectable moiety should be capable 
of producing, either directly or indirectly, a detectable signal. 
For example, the detectable moiety may be a radioisotope, such as 
3 H, 14 C, 32 P, 35 S, or 125 I, a fluorescent or chemiluminescent compound, 
such as fluorescein isothiocyanate , rhodamine, or luciferin, or an 
enzyme, such as alkaline phosphatase, beta-galactosidase or 
horseradish peroxidase. Any method known in the art for 
conjugating the antibody to the detectable moiety may be employed, 
including those methods described by Hunter et al . , Nature , 144 : 945 
(1962); David et al . , Biochemistry , 13:1014 (1974); Pain et al . , 

J. Immunol. Meth. , 40:219 (1981); and Nygren, J. Histochem. and 

Cvtochem. , 30:407 (1982) . 

Apo-2 antibodies also are useful for the affinity 
purification of Apo-2 from recombinant cell culture or natural 
sources. In this process, the antibodies against Apo-2 are 
immobilized on a suitable support, such as Sephadex resin or filter 
paper, using methods well known in the art. The immobilized 
antibody then is contacted with a sample containing the Apo-2 to be 
purified, and thereafter the support is washed with a suitable 
solvent that will remove substantially all the material in the 
sample except the Apo-2, which is bound to the immobilized 
antibody. Finally, the support is washed with another suitable 
solvent that will release the Apo-2 from the antibody. 

F. Kits Containing Apo-2 or Apo-2 Antibodies 

In a further embodiment of the invention, there are 

provided articles of manufacture and kits containing Apo-2 or Apo-2. 

antibodies which can be used, for instance, for the therapeutic or 
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non- therapeutic applications described above. The article of 
manufacture comprises a container with a label. Suitable 
containers include, for example, bottles, vials, and test tubes. 
The containers may be formed from a variety of materials such as 
5 glass or plastic. The container holds a composition which includes 
an active agent that is effective for therapeutic or non- 
therapeutic applications, such as described above. The active 
agent in the composition is Apo-2 or an Apo-2 antibody. The label 
on the container indicates that the composition is used for a 

10 specific therapy or non- therapeutic application, and may also 
indicate directions for either in vivo or in vitro use, such as 
those described above. 

The kit of the invention will typically comprise the 
container described above and one or more other containers 

15 comprising materials desirable from a commercial and user 
standpoint, including buffers, diluents, filters, needles, 
syringes, and package inserts with instructions for use. 

***************************** 

The following examples are offered for illustrative 
20 purposes only, and are not intended to limit the scope of the 
present invention in any way. 

All patent and literature references cited in the 
present specification are hereby incorporated by reference in their 
entirety. 

25 

EXAMPLES 

All restriction enzymes referred to in the examples were 
purchased from New England Biolabs and used according to 
manufacturer's instructions. All other commercially available 
3 0 reagents referred to in the examples were used according to 
manufacturer's instructions unless otherwise indicated. The source 
of those cells identified in the following examples, and throughout 
the specification, by ATCC accession numbers is the American Type 
Culture Collection, Manassas, VA. 

35 

EXAMPLE 1 

Isolation of cDNA clones Encoding Human Apo-2 
Expressed sequence tag (EST) DNA databases (LIFESEQ™, 
Incyte Pharmaceuticals, Palo Alto, CA) were searched and an EST was 
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identified which showed homology to the death domain of the Apo-3 
receptor [Marsters et al . , Curr. Biol, , 6:750 (1996)]. Human 
pancreas and kidney lgtlO bacteriophage cDNA libraries (both 
purchased from Clontech) were ligated into pRK5 vectors as follows . 
5 Reagents were added together and incubated at 16°C for 16 hours: 5X 
T4 ligase buffer (3 ml); pRK5, Xhol, Notl digested vector, 0.5 mg, 
1 ml); cDNA (5 ml) and distilled water (6 ml). Subsequently, 
additional distilled water (70 ml) and 10 mg/ml tRNA (0.1 ml) were 
added and the entire reaction was extracted through 

10 phenol : chloroform : isoamyl alcohol (25:24:1). The aqueous phase was 
removed, collected and diluted into 5M NaCl (10 ml) and absolute 
ethanol (-20°C, 250 ml) . This was then centrifuged for 20 minutes 
at 14,000 x g, decanted, and the pellet resuspended into 70% 
ethanol (0.5 ml) and centrifuged again for 2 minutes at 14,000 x g. 

15 The DNA pellet was then dried in a speedvac and eluted into 
distilled water (3 ml) for use in the subsequent procedure. 

The ligated cDNA/pRK5 vector DNA prepared previously was 
chilled on ice to which was added electrocompetent DH10B bacteria 
(Life Tech. , 20 ml) . The bacteria vector mixture was then 

20 electroporated as per the manufacturers recommendation. 
Subsequently SOC media (1 ml) was added and the mixture was 
incubated at 37°C for 30 minutes. The transf ormants were then 
plated onto 20 standard 150 mm LB plates containing ampicillin and 
incubated for 16 hours (37°C) to allow the colonies to grow. 

25 Positive colonies were then scraped off and the DNA isolated from 
the bacterial pellet using standard CsCl-gradient protocols. 

An enriched 5 ! -cDNA library was then constructed to 
obtain a bias of cDNA fragments which preferentially represents the 
5' ends of cDNA's contained within the library. 10 mg of the 

30 pooled isolated full-length library plasmid DNA (41 ml) was 
combined with Not 1 restriction buffer (New England Biolabs, 5 ml) 
and Not 1 (New England Biolabs, 4 ml) and incubated at 3 7°C for one 
hour. The reaction was extracted through phenol : chloroform: isoamyl 
alcohol (25:24:1, 50 ml), the aqueous phase removed, collected and 

35 resuspended into 5M NaCl (5 ml) and absolute ethanol (-20°C, 150 
ml). This was then centrifuged for 20 minutes at 14,000 x g, 
decanted, resuspended. into 70% ethanol (0.5 ml) and centrifuged 
again for 2 minutes at 14,000 .x g. The supernatant was then 
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removed, the pellet dried in a speedvac and resuspended in 
distilled water (10 ml) . 

The following reagents were brought together and 
incubated at 37°C for 2 hours: distilled water (3 ml); linearized 
5 DNA library (1 mg, 1 ml); Ribonucleotide mix (Invitrogen, 10 ml); 
transcription buffer (Invitrogen, 2 ml) and Sp6 enzyme mix. The 
reaction was then extracted through phenol : chloroform: isoamyl 
alcohol (25:24:1, 50 ml) and the aqueous phase was removed, 
collected and resuspended into 5M NaCl (5 ml) and absolute ethanol 

10 (-20°C, 150 ml) and centrifuged for 20 minutes at 14,000 x g. The 
pellet was then decanted and resuspended in 70% ethanol (0.5 ml), 
centrifuged again for 2 minutes at 14,000 x g, decanted, dried in a 
speedvac and resuspended into distilled water (10 ml) . 

The following reagents were added together and incubated 

15 at 16°C for 16 hours: 5X T4 ligase buffer (Life Tech., 3 ml); pRK5 
Cla-Sal digested vector, 0.5 mg, 1 ml); cDNA (5 ml); distilled 
water (6 ml) . Subsequently, additional distilled water (70 ml) and 
10 mg/ml tRNA (0.1 ml) was added and the entire reaction was 
extracted through phenol : chloroform: isoamyl alcohol (25:24:1, 100 

20 ml) . The aqueous phase was removed, collected and diluted by 5M 
NaCl (10 ml) and absolute ethanol (-20°C, 250 ml) and centrifuged 
for 20 minutes at 14,000 x g. The DNA pellet was decanted, 
resuspended into 70% ethanol (0.5 ml) and centrifuged again for 2 
minutes at 14,000 x g. The supernatant was removed and the residue 

25 pellet was dried in a speedvac and resuspended in distilled water 
(3 ml). The ligated cDNA/pSST-amy . 1 vector DNA was chilled on ice 
to which was added electrocompetent DH10B bacteria (Life Tech., 20 
ml) . The bacteria vector mixture was then electroporated as 
recommended by the manufacturer. Subsequently, SOC media (Life 

3 0 Tech., 1 ml) was added and the mixture was incubated at 3 7°C for 3 0 
minutes. The transf ormants were then plated onto 20 standard 150 
mm LB plates containing ampicillin and incubated for 16 hours 
(37°C) . Positive colonies were scraped off the plates and the DNA 
was isolated from the bacterial pellet using standard protocols, 

35 e.g. CsCl -gradient . 

The cDNA libraries were screened by hybridization with a 
synthetic oligonucleotide probe : 
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GGGAGCCGCTCATGAGGAAGTTGGGCCTCATGGACAATGAGATAAAGGTGGCTAAAGGTGAGGCAGC 
GGG (SEQ ID NO: 3) based on the EST . 

Three cDNA clones were sequenced in entirety. The 
overlapping coding regions of the cDNAs were identical except for 
5 codon 410 (using the numbering system for Fig. 1) ; this position 
encoded a leucine residue (TTG) in both pancreatic cDNAs, and a 
methionine residue (ATG) in the kidney cDNA, possibly due to 
polymorphism. 

The entire nucleotide sequence of Apo-2 is shown in 

10 Figure 1 (SEQ ID NO: 2) . Clone 27868 (also referred to as pRK5-Apo- 
2 deposited as ATCC 209021, as indicated below) contains a single 
open reading frame with an apparent translational initiation site 
at nucleotide positions 140-142 [Kozak et al . , supra ] and ending at 
the stop codon found at nucleotide positions 1373-1375 (Fig. 1; SEQ 

15 ID NO:2) . The predicted polypeptide precursor is 411 amino acids 
long, a type I transmembrane protein, and has a . calculated 
molecular weight of approximately 45 kDa. Hydropathy analysis (not 
shown) suggested the presence of a signal sequence (residues 1-53) , 
followed by an extracellular domain (residues . 54-182), a 

20 transmembrane domain (residues 183-208), and an intracellular 
domain (residues 209-411) (Fig. 2A; SEQ ID NO:l). N-terminal amino 
acid sequence analysis of Apo-2-IgG expressed in 293 cells showed 
that the mature polypeptide starts at amino acid residue 54, 
indicating that the actual signal sequence comprises residues 1-53. 

25 Apo-2 polypeptide is obtained or obtainable by expressing the 
molecule encoded by the cDNA insert of the deposited ATCC 209021 
vector. 

TNF receptor family proteins are typically characterized 
by the presence of multiple (usually four) cysteine-rich domains in 

3 0 their extracellular regions each cysteine-rich domain being 

approximately 45 amino acids long and containing approximately 6, 
regularly spaced, cysteine residues. Based on the crystal 
structure of the type 1 TNF receptor, the cysteines in each domain 
typically form three disulfide bonds in which usually cysteines 1 

3 5 and 2, 3 and 5, and 4 and 6 are paired together. Like DR4, Apo-2 
contains two extracellular cysteine-rich pseudorepeats (Fig. 2A) , 
whereas other identified mammalian TNFR family members contain 
three or more such domains [Smith et al . , Cell , 7jS:?59 (1994)].. 
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The cytoplasmic region of Apo-2 contains a death domain 
(amino acid residues 324-391 shown in Fig. 1; see also Fig. 2A) 
which shows significantly more amino acid sequence identity to the 
death domain of DR4 (64%) than to the death domain of TNFR1 (30%) ; 
5 CD95 (19%); or Apo-3/DR3 (29%) (Fig. 2B) . Four out of six death 
domain amino acids that are required for signaling by TNFR1 
[Tartaglia et al., supra ] are conserved in Apo-2 while the other 
two residues are semi -conserved (see Fig. 2B) . 

Based on an alignment analysis (using the ALIGN™ 
10 computer program) of the full-length sequence, Apo-2 shows more 
sequence identity to DR4 (55%) than to other apoptosis- linked 
receptors, such as TNFR1 (19%) ; CD95 (17%) ; or Apo-3 (also referred 
to as DR3, WSL-1 or TRAMP) (29%). 

EXAMPLE 2 

A. Expression of Apo-2 ECD 

A soluble extracellular domain (ECD) fusion construct 
was prepared. An Apo-2 ECD (amino acid residues 1-184 shown in 
Figure 1) was obtained by PCR and fused to a C- terminal Flag 
epitope tag (Sigma) . (The Apo-2 ECD construct included residues 183 
and 184 shown in Figure 1 to provide flexibility at the junction, 
even though residues 183 and 184 are predicted to be in the 
transmembrane region) . The Flag epitope- tagged molecule was then 
inserted into pRK5, and expressed by transient transfection into 
human 293 cells (ATCC CRL 1573). 

After a 48 hour incubation, the cell supernatants were 
collected and either used directly for co-precipitation studies 
(see Example 3) or subjected to purification of the Apo-2 ECD-Flag 
by affinity chromatography on anti-Flag agarose beads, according to 
manufacturer's instructions (Sigma). 

B. Expression of Apo-2 ECD as an Immunoadhesin 
A soluble Apo-2 ECD immunoadhesin construct was 

prepared. The Apo-2 ECD (amino acids 1-184 shown in Fig. 1) was 
3 5 fused to the hinge and Fc region of human immunoglobulin G x heavy 
chain in pRK5 as described previously [Ashkenazi et al., Proc . 
Natl . Acad-. Sci . , 88:10535-10539 (1991)]. The immunoadhesin was 
expressed by transient transfection into human 29.3 cells and 



20 



25 
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purified from cell supernatants . by protein A affinity 
chromatography, as described by Ashkenazi et al . , supra . 



EXAMPLE 3 

5 Immunoprecipitation Assay Showing Binding Interaction 

Between Apo-2 and Apo-2 Ligand 
To determine whether Apo-2 and Apo-2L interact or 
associate with each other, supernatants from mock-transf ected 293 
cells or from 293 cells transfected with Apo-2 ECD-Flag (described 

10 in Example 2 above) (5 ml) were incubated with 5 poly-histidine- 
tagged soluble Apo-2L [Pitti et al . , supra l for 30 minutes at room 
temperature and then analyzed for complex formation by a co- 
precipitation assay. 

The samples were subjected to immunoprecipitation using 

15 25 nl anti-Flag conjugated agarose beads (Sigma) or Nickel- 
conjugated agarose beads (Qiagen) . After a 1.5 hour incubation at 
4° C, the beads were spun down and washed four times in phosphate 
buffered saline (PBS) . By using anti-Flag agarose, the Apo-2L was 
precipitated through the Flag- tagged Apo-2 ECD; by using Nickel - 

20 agarose, the Apo-2 ECD was precipitated through the His-tagged Apo- 
2L. The precipitated proteins were released by boiling the beads 
for 5 minutes in SDS-PAGE buffer, resolved by electrophoresis on 
12% polyacrylamide gels, and then detected by immunoblot with anti- 
Apo-2L or anti-Flag antibody (2 fig/ml) as described in Marsters et 

25 al., J. Biol. Chem. , (1997). 

The results, shown in Figure 3, indicate that the Apo-2 
ECD and Apo-2L can associate with each other. 

The binding interaction was further analyzed by 
purifying Apo-2 ECD from the transfected 293 cell supernatants with 

30 anti-Flag beads (see Example 2) and then analyzing the samples on a 
BIACORE™ instrument. The BIACORE™ analysis indicated a 

dissociation constant (Ka) of about 1 nM. BIACORE™ analysis also 
showed that the Apo-2 ECD is not capable of binding other 
apoptos is -inducing TNF family members, namely, TNF-alpha 

35 (Genentech, Inc., Pennica et al., Nature, 312 : 712 (1984),. 
lymphotoxin- alpha (Genentech, Inc.), or Fas/Apo-1 ligand (Alexis 
Biochemicals) . The data thus shows that Apo-2 is a specific 
receptor for Apo-2L. 
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EXAMPLE 4 
Induction of Apoptosis by Apo-2 

Because death domains can function as oligomerization 
5 interfaces, over -express ion of receptors that contain death domains 
may lead to activation of signaling in the absence of ligand 
[Frazer et al . , supra , Nagata et al . , supra ] . To determine whether 
Apo-2 was capable of inducing cell death, human 293 cells or HeLa 
cells (ATCC CCL 2.2) were transiently transfected by calcium 

10 phosphate precipitation (293 cells) or electroporation (HeLa cells) 
with a pRK5 vector, or pRK5-based plasmids encoding Apo-2 and/or 
CrmA. When applicable, the total amount of plasmid DNA was 
adjusted by adding vector DNA. Apoptosis was assessed 24 hours 
after transfection by morphology (Fig. 4A) ; DNA fragmentation (Fig. 

15 4B) ; or by FACS analysis of phosphatydilserine exposure (Fig. 4C) 
as described in Marsters et al . , Curr. Biol. , 6.: 1669 (1996). As 
shown in Figs. 4A and 4B, the Apo-2 transfected 293 cells underwent 
marked apoptosis. 

For samples assayed by FACS, the HeLa cells were co- 

20 transfected with pRK5-CD4 as a marker for transfection and 
apoptosis was determined in CD4-expressing cells; FADD was co- 
transfected with the Apo-2 plasmid; the data are means + SEM of at 
least three experiments, as described in Marsters et al., Curr . 
Biol . , 6:1669 (1996). The caspase inhibitors, DEVD-fmk (Enzyme 

25 Systems) or z-VAD-fmk (Research Biochemicals Intl.) were added at 
200 jiM at the time of transfection. As shown in Fig. 4C, the 
caspase inhibitors CrmA, DEVD-fmk, and z-VAD-fmk blocked apoptosis 
induction by Apo-2, indicating the involvement of Ced-3-like 
proteases in this response. 

30 FADD is an adaptor protein that mediates apoptosis 

activation by CD95, TNFR1, and Ap6-3/DR3 [Nagata et al . , supra ] , 
but does not appear necessary for apoptosis induction by Apo-2L 
[Marsters et al., supra ] or by DR4 [Pan et al . , supra ] . A 
dominant -negative mutant form of FADD, which blocks apoptosis 

35 induction by CD95, TNFR1, or Apo-3/DR3 [Frazer et al . , supra ; 
Nagata et al . , supra ; Chinnayian et al . , supra ] did not inhibit 
apoptosis induction by Apo-2 when co- transfected into HeLa cells 
with Apo-2 (Fig. 4C) . These results suggest that Apo-2 signals 
apoptosis independently of FADD. Consistent with this conclusion, 
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a glutathione-S- transferase fusion protein containing the Apo-2 

cytoplasmic region did not bind to in vitro transcribed and 
translated FADD (data not shown) . 

5 EXAMPLE 5 

Inhibition of Apo-2L Activity by Soluble Apo-2 ECD 
Soluble Apo-2L (0.5 |ig/ml , prepared as described in 
Pitti et al., supra ) was pre-incubated for 1 hour at room 
temperature with PBS buffer or affinity-purified Apo-2 ECD (5 
10 ng/ml) together with anti-Flag antibody (Sigma) (1 \xg/ml) and added 
to HeLa cells. After a 5 hour incubation, the cells were analyzed 
for apoptosis by FACS (as above) (Fig. 4D) . 

Apo-2L induced marked apoptosis in HeLa cells, and the 
soluble Apo-2 ECD was capable of blocking Apo-2L action (Fig. 4D) , 
15 confirming a specific interaction between Apo-2L and Apo-2. 
Similar results were obtained with the Apo-2 ECD immunoadhesin 
(Fig. 4D) . Dose-response analysis showed half-maximal inhibition 
at approximately 0.3 nM Apo-2 immunoadhesin (Fig. 4E) . 

EXAMPLE 6 
Activation of NF-kB by Apo-2 

An assay was conducted to determine whether Apo-2 
activates NF-kB. 

HeLa cells were transfected with pRK5 expression 
plasmids encoding full-length native sequence Apo-2, DR4 or Apo-3 
and harvested- 24- hours after transf ection . Nuclear extracts were 
prepared and 1 ng of nuclear protein was reacted with a 32 P-labelled 
NF-KB-specif ic synthetic oligonucleotide probe 

ATCAGGGACTTTCCGCTGGGGACTTTCCG (SEQ ID NO : 4 ) [see, also, MacKay et 
al., J. Immunol. , 153:5274-5284 (1994)], alone or together with a 
50 -fold excess of unlabelled probe, or with an irrelevant 32 P- 
labelled synthetic oligonucleotide 

AGG ATGGG AAGTGTGTGATATATC CTTGAT (SEQ ID NO: 5). In some samples, 
antibody to p65/RelA subunits of NF-kB (1 fig /ml; Santa Cruz 
Biotechnology) was added. DNA binding was analyzed by an 
electrophoretic mobility shift assay as described by Hsu et al., 
supra ; Marsters et al . , supra , and MacKay et al . , supra . 
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The results are shown in Fig. 5. As shown in Fig..5A, 
upon transfection into HeLa cells, both Apo-2 and DR4 induced 
significant NF-kB activation as measured by the electrophoretic 
mobility shift assay; the level of activation was comparable to 
5 activation observed for Apo-3/DR3. Antibody to the p65/RelA 
subunit of NF-kB inhibited the mobility of the NF-kB probe, 
implicating p65 in the response to -all 3 receptors. 

An assay was also conducted to determine if Apo-2L 
itself can regulate NF-kB activity. HeLa cells or MCF7 cells (human 
10 breast adenocarcinoma cell line, ATCC HTB 22) were treated with PBS 
buffer, soluble Apo-2L (Pitti et al . , supra ) or TNF-alpha 
(Genentech, Inc., see Pennica et al., Nature, 312:721 (1984)) (l 
fig/ml) and assayed for NF-kB activity as above. The results are 
shown in Fig. 5B. The Apo-2L induced a significant NF-kB activation 
15 in the treated HeLa cells but not in the treated MCF7 cells; the 
TNF-alpha induced a more pronounced activation in both cell lines. 
•Several studies have disclosed that NF-kB activation by TNF can 
protect cells against TNF-induced apoptosis [Nagata, supra ] . 

The effects of a NF-kB inhibitor, ALLN (N-acetyl-Leu- 
20 Leu-norleucinal) and a transcription inhibitor, cyclohexamide, were 
also tested. The HeLa cells (plated in 6-well dishes) were 
preincubated with PBS buffer,- ALLN (Calbiochem) (40 (ig/ml) or 
cyclohexamide (Sigma) (50 |ig/ml) for 1 hour before addition of Apo- 
2L (1 |ig/ml) . After a 5 hour incubation, apoptosis was analyzed by 
25 FACS (see Fig. 5C) . 

The results are shown in Fig. 5C. Both ALLN and 
cyclohexamide increased the level of Apo-2L- induced apoptosis in 
the HeLa cells. The data indicates that Apo-2L can induce 
protective NF-KB-dependent genes. The data also indicates that Apo- 
30 2L is capable of activating NF-KB in certain cell lines and that 
both Apo-2 and DR4 may mediate that function. 

EXAMPLE 7 

Expression of Apo-2 in Mammalian Tissues 
3 5 A. Northern Blot Analysis 

Expression of Apo-2 mRNA in human tissues was examined 
by Northern blot analysis. ■ Human RNA blots were hybridized to a 
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4.6 kilobase 32 P- labelled DNA probe based on the full length Apo-2 
cDNA; the probe was generated by digesting the pRK5-Apo-2 plasmid 
with EcoRI. Human fetal RNA blot MTN (Clontech) , human adult RNA 
blot " MTN- II (Clontech) , and human cancer cell line RNA blot 
5 (Clontech) were incubated with the DNA probes. Blots were 
incubated with -~ the probes in hybridization buffer (5X SSPE; 2X 
Denhardt's solution; 100 mg/mL denatured sheared salmon sperm DNA; 
50% formamide; 2% SDS) for 60 hours at 42°C. The blots were washed 
several times in 2X SSC; 0.05% SDS for 1 hour at room temperature, 

10 followed by a 30 minute wash in 0 . IX SSC; 0.1% SDS at 50°C. The 
blots were developed after overnight exposure. 

As shown in Fig. 6A, a predominant mRNA transcript of 
approximately 4 . 6kb was detected in multiple tissues. Expression 
was relatively high in fetal and adult liver and lung, and in adult 

15 ovary and peripheral blood leukocytes (PBL) , while no mRNA 
expression was detected in fetal and adult brain. Intermediate 
levels of expression were seen in adult colon, small intestine, 
testis, prostate, thymus, pancreas, kidney, skeletal muscle, 
placenta, and heart. Several adult tissues that express Apo-2, 

20 e.g., PBL, ovary, and spleen, have been shown previously to express 
DR4 [Pan et al., supra ! , however, the relative levels of expression 
of each receptor mRNA appear to be different. 

As shown in Fig. 6B, Apo-2 mRNA was expressed relatively 
high in 6 of 8 human cancer cell lines examined, namely, HL60 

25 promyelocytic leukemia, HeLa S3 cervical carcinoma, K562 chronic 
myelogenous leukemia, SW 480 colorectal adenocarcinoma, A549 lung 
carcinoma, and G3 61 melanoma. There was also detectable expression 
in Burkitt's lymphoma (Raji) cells. Thus, Apo-2 may be useful as a 
target for inducing apoptosis in cancer cells from lymphoid as well 

3 0 as non- lymphoid tumors . 

JL Jn Situ Hybridization 

Expression of Apo-2 in normal and in cancerous human 
tissues was examined by in situ hybridization. In addition, 
3 5 several different chimp and rhesus monkey tissues were examined for 
Apo-2 expression. These tissues included: human fetal tissues 
(E12-E16 weeks) - placenta, umbilical cord, liver, kidney, adrenal 
gland, thyroid, lung, heart, great vessels, esophagus, stomach, 
small intestine, spleen, thymus, pancreas, brain, eye, spinal cord, 
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body wall, pelvis and lower limb; adult human tissues - kidney, 
bladder, adrenal gland, spleen, lymph node, pancreas, lung, skin, 
retina, liver; chimp tissues - salivary gland, stomach, thyroid, 
parathyroid, tongue, thymus, ovary, lymph node, and peripheral 
nerve; rhesus monkey tissues - cerebral cortex, hippocampus, 
cerebellum and" penis; human tumor tissue - lung adenocarcinoma, 
testis, lung carcinoma, breast carcinoma, fibroadenoma, soft tissue 
sarcoma. 

Tissue samples were paraffin-embedded and sectioned. 
Later, the sectioned tissues were deparaf f inized and the slides 
placed in water. The slides were rinsed twice for five minutes at 
room temperature in 2X SSC. After rinsing, the slides were placed 
in 20 tig /ml proteinase K (in Rnase-free buffer) for 15 minutes at 
37 °C (for fetal tissues) or 8X proteinase K for 30 minutes at 37 °C 
(for formalin tissues). The slides were then rinsed again in 0 . 5X 
SSC and dehydrated. Prior to hybridization, the slides were placed 
in a plastic box lined with buffer (4X SSC, 50% formamide) - 
saturated filter paper. The tissues were covered with 50 ul 
hybridization buffer (3.75g Dextran sulfate plus 6 ml water; 
vortexed and heated for 2 minutes; cooled on ice and 18.75 ml 
formamide, 3.75 ml 20X SSC and 9 ml water added) and incubated at 
42 °C for 1 to 4 hours. 

Hybridization was conducted using a 33 P- labelled probe 
consisting of nucleotides 706-1259 of SEQ ID NO:2. The probe was 
added to the slides in hybridization buffer and incubated overnight 
at 55 °C. Multiple washing steps were then performed sequentially 
as follows: twice for 10 minutes at room temperature in 2X SSC, 
EDTA buffer (400 ml 20X SSC, 16 ml 0.25M EDTA) ; once for 30 minutes 
at 37 °C in 2 0 ug/ml RNase A; twice for 10 minutes at room 
temperature in 2X SSC, EDTA buffer; once for 2 hours at 55 °C in 
0.1X SSC, EDTA buffer; twice for 10 minutes at room temperature in 
0.5X SSC. Dehydration was performed for 2 minutes each in 50%, 
70%, 90% EtOH containing 0.3 M NH 4 AC. Finally, the slides were air- 
dried for 2 hours and exposed to film. 

Expression of Apo-2 in. the fetal tissues appeared 
strongest over hepatocytes in liver, developing glomeruli in 
kidney, adrenal cortex, and epithelium of gastrointestinal tract. 
Moderate expression was observed over epithelial cells in lung and 
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at sites of vascularization of a bone growth plate. A relatively 
low level expression was observed over thyroid epithelial cells and 
cells in cardiac ventricles. Expression was observed over lymphoid 
cells in the thymic medulla, developing lymph glands and placenta 
cytotrophoblast cells. 

Expression of Apo-2 in adult tissues was observed over 
resting oocytes in primordial follicles and low levels over 
granulosa cells of developing follicles in chimp ovary. Expression 
was observed in cirrhotic livers over hepatocytes at the edge of 
nodules (i.e., area of damage, normal adult liver was negative). 
Other tissues were negative for expression. 

In the cancer tissues examined, Apo-2 expression was 
found in two lung adenocarcinomas and two germ cell tumors of the 
testis. Two additional lung carcinomas (one squamous) were 
negative. One of five breast carcinomas was positive (there was 
expression in normal breast tissue) . In a fibroadenoma, there 
appeared to be expression over both epithelial and stromal 
elements. A soft tissue sarcoma was also positive. Other tissues 
examined were negative. 

EXAMPLE 8 

Chromosomal Localization of the Apo-2 gene 
Chromosomal localization of the human Apo-2 gene was 
examined by radiation hybrid (RH) panel analysis. RH mapping was 
performed by PCR using a human-mouse cell radiation hybrid panel 
(Research Genetics) and primers based on the coding region of the 
Apo-2 cDNA [Gelb et.al., Hum. Genet. , 98:141 (1996)]. Analysis of 
the PCR data using the Stanford Human Genome Center Database 
indicates that Apo-2 is linked to the marker D8S481, with an LOD of 
11.05; D8S481 is linked in turn to D8S2055, which maps to human 
chromosome 8p21. A similar analysis of DR4 showed that DR4 is 
linked to the marker D8S2127 (with an LOD of 13.00), which maps 
also to human chromosome 8p21. 

To Applicants' present knowledge, to. date, no other 
member of the TNFR gene family has been located to chromosome 8. 
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EXAMPLE 9 

Preparation of Monoclonal Antibodies Specific for Apo-2 
Balb/c mice (obtained from Charles River Laboratories) 
5 were immunized by injecting 0.5fxg/50jil of an Apo-2 ECD immunoadhesin 
protein (diluted in M PL -TDM adjuvant purchased from Ribi 
Immunochemical Research Inc., Hamilton, MT) 11 times into each hind 
foot pad at 3-4 day intervals. The Apo-2 ECD immunoadhesin protein 
was generated by fusing an extracellular domain sequence of Apo-2 
10 (amino acids 1-184 shown in Fig. 1) to the hinge and Fc region of 
human immunoglobulin G l heavy chain in pRKB as described previously 
[Ashkenazi et al., Proc. Natl. Acad. Sci. , 88:10535-10539 (1991)]. 
The immunoadhesin protein was expressed by transient transfection 
into human 293 cells and purified from cell supernatants by protein 
15 A affinity chromatography, as described by Ashkenazi et al., supra 
(See also Example 2B above) . 

Three days after the final boost, popliteal lymph nodes 
were removed from the mice and a single cell suspension was 
prepared in DMEM media (obtained from Biowhitakker Corp.) 
20 supplemented with 1% penicillin-streptomycin. The lymph node cells 
were then fused with murine myeloma cells P3X63AgU.l (ATCC CRL 
1597) using 35% polyethylene glycol and cultured in 96 -well culture 
plates. Hybridomas resulting from the fusion were selected in HAT 
medium. Ten days after the fusion, hybridoma culture supernatants 
25 were screened in an ELISA to test for the presence of monoclonal 
antibodies binding to the Apo-2 ECD immunoadhesin protein. 

In the ELISA, 96-well microtiter plates (Maxisorb; Nunc, 
Kamstrup, Denmark) were coated by adding 50 |il of 2 ng/ml goat anti- 
human IgG Fc (purchased from Cappel Laboratories) in PBS to each 
30 well and incubating at 4°C overnight. The plates were then washed 
three times with wash buffer (PBS containing 0.05% Tween 20). The 
wells in the microtiter plates were then blocked with 50 ^il of 2.0% 
bovine serum albumin in PBS and incubated at room temperature for 1 
hour. The plates were then, washed again three times with wash 
3 5 buffer. 

After the washing step, 50 fil of 0.4 jag /ml Apo-2 ECD 
immunoadhesin protein (as described above) in assay buffer was 
added to each well. The plates were incubated for 1 hour at room 
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temperature on a shakier apparatus, followed by washing three times 
with wash buffer. 

Following the wash steps, 100 \xl of the hybridoma 
supernatants or purified antibody (using Protein A-sepharose 
5 columns) (1 ug/ml) was added to designated wells in the presence of 
CD4-IgG. 100 ul of P3X63AgU.l myeloma cell conditioned medium was 
added to other designated wells ' as controls. The plates were 
incubated at room temperature for 1 hour on a shaker apparatus and 
then washed three times with wash buffer. 

10 Next, 50 ul HRP-conjugated goat anti-mouse IgG Fc 

(purchased from Cappel Laboratories), diluted 1:1000 in assay 
buffer (0.5% bovine serum albumin, 0.05% Tween-20, 0.01% Thimersol 
in PBS) , was added to each well and the plates incubated for 1 hour 
at room temperature on a shaker apparatus. The plates were washed 

15 three times with wash buffer, followed by addition of 50 ul of 
substrate (TMB microwell peroxidase substrate, Kirkegaard & Perry, 
Gaithersburg, MD) to each well and incubation at room temperature 
for 10 minutes. The reaction was stopped by adding 50 ^1 of TMB 1- 
component stop solution (diethyl glycol, Kirkegaard & Perry) to 

20 each well, and absorbance* at 450 nm was read in an automated 
microtiter plate reader. 

Of the hybridoma supernatants screened in the ELISA, 2 2 
supernatants tested positive (calculated as approximately 4 times 
above background) . The supernatants testing positive in the ELISA 

2 5 were further analyzed by FACS analysis using 9D cells (a human B 
lymphoid cell line expressing Apo-2; Genentech, Inc.) and FITC- 
conjugated goat anti-mouse IgG. For this analysis, 25 ul of cells 
suspended (at 4 X 10 6 cells/ml) in cell sorter buffer (PBS 
containing 1% FCS and 0.02% NaN 3 ) were added to U-bottom microtiter 

30 wells, mixed with 100 ul of culture supernatant or purified 
antibody (purified on Protein A-sepharose columns) (10 ug /ml) in 
cell sorter buffer, and incubated for 30 minutes on ice. The cells 
were then washed and incubated with 100 ul FITC-conjugated goat 
anti-mouse IgG for 30 minutes at 4°C. Cells were then washed twice, 

35 resuspended in 150 jil of cell sorter buffer and then analyzed by 
FACScan (Becton Dickinson, Mountain View, CA) . FACS analysis 
showed 8/22 supernatants were positive for anti -Apo-2 antibodies. 
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Figure 7 shows the FACS 
with one of the Apo-2 antibodies, 
shown in Figure 7 , the 3 Fl 1 . 3 9 . 7 
receptor expressed in 9D cells. 



staining of 9D cells incubated 
referred to as 3F11.39.7. As 
antibody recognizes the Apo-2 



EXAMPLE 10 

Assay for Ability of Apo-2 Abs to Agonisticallv induce 

10 Apoptosis 

Hybridoma supernatants and purified antibodies (as 
described in Example 9 above) were tested for activity to induce 
Apo-2 mediated 9D cell apoptosis. The 9D cells (5 X 10 5 
cells/0. lml) were incubated with varying concentrations of 

15 antibodies in 100 ul complete RPMI media at 4°C for 15 minutes. The 
cells were then incubated for 5 minutes at 37°C and 10 ug of goat 
anti-mouse IgG Fc antibody (Cappel Laboratories) in 300 ul of 
complete RPMI was added to some of the cell samples. At this 
point, the cells were incubated overnight at 37°C and in the 

20 presence of 7% C0 2 . The cells were then harvested and washed once 
with PBS. The viability of the cells was determined by staining of 
FITC-annexin V binding to phosphat idylserine according to 
manufacturer recommendations (Clontech) . The cells were washed in 
PBS and resuspended in 200 ul binding buffer. Ten ul of annexin-V- 

2 5 FITC (1 ug/ml) and 10 ul of propidium iodide were added to the 

cells. After incubation for 15 minutes in the dark, the 9D cells 
were analyzed by FACS 

As shown in Figure 8, the 3F11.39.7 antibody (in the 
absence of the goat anti -mouse IgG Fc) induced apoptosis in the 9D 
30 cells as compared to the control antibodies. Agonistic activity, 
however, was enhanced by Apo-2 receptor cross -linking in the 
presence of the goat anti-mouse IgG Fc (see Figure 9) . This 
enhanced apoptosis (Figure 9) by the combination of antibodies is 
comparable to the apoptotic activity of Apo-2L in 9D cells (data 

3 5 not shown) . 
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EXAMPLE 11 

Assay for Antibody Ability to Block Apo-2 licrand- induced 
Apoptosis 

5 Hybridoma supernatants and purified antibodies (as 

described in Example 9 above) were tested for activity to block 
Apo-2 ligand induced 9D cell apoptosis. The 9D cells (5 X 10 s 
cells/0. lml) were suspended in complete RPMI media (RPMI plus 
10%FCS, glutamine, nonessential amino acids, penicillin, 

10 streptomycin, sodium pyruvate) and placed into individual Falcon 
2052 tubes. Cells were then incubated with 10 ug of antibodies in 
200 |il media for 15 minutes on ice. 0.2 ml of Apo-2 ligand (2.5 
ug/ml) (soluble His-tagged Apo-2L prepared as described in WO 
97/25428; see also Pitti et al . , supra ) was suspended into complete 

15 RPMI media, and then added into the tubes containing the 9D cells. 
The 9D cells were incubated overnight at 37°C and in the presence of 
7% C0 2 . The incubated cells were then harvested and washed once with 
PBS. The viability of the cells was determined by staining of 
FITC-annexin V binding to phosphatidylserine according to 

20 manufacturer recommendations (Clontech) . Specifically, the cells 
were washed in PBS and resuspended in 200 ul binding buffer. Ten ul 
of annexin-V-FITC (1 ug/ml) and 10 ul of propidium iodide were added 
to the cells. After incubation for 15 minutes in the dark, the 9D 
cells were analyzed by FACS. 

25 The results are shown in Figure 10. Since 9D cells 

express more than one receptor for Apo-2L, Apo-2L can induce 
apoptosis in the 9D cells by interacting with either Apo-2 or the 
DR4 receptor. Thus, to detect any blocking activity of the Apo-2 
antibodies, the interaction between DR4 and Apo-2L needed to be 

30 blocked. In combination with the anti-DR4 antibody, 4H6 . 17 . 8 (ATCC 
HB-12455), the Apo-2 antibody 3F11.39.7 was able to block 
approximately 50% of apoptosis induced by Apo-2L. The remaining 
approximately 50% apoptotic activity is believed to be due to the 
agonistic activities of these two antibodies by themselves, as 

35 shown in Figure 10. Accordingly, it is believed that the 3F11.39.7 
antibody is a blocking Apo-2 antibody or an antibody which binds 
Apo-2 in a mode which competes with binding of Apo-2 ligand to Apo- 
2 . 
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EXAMPLE 12 

ELISA Assay to Test Binding of Apo-2 Antibodies to Other 

Apo-2 Ligand Receptors 
5 An ELISA was conducted to determine if the monoclonal 

antibody described in Example 9 was able to bind other known Apo-2L 
receptors beside Apo-2. Specifically; the 3F11.39.7 antibody was 
tested for binding to DR4 [Pan et al . , supra ] , DcRl [Sheridan et 
al., supra ] , and DcR2 [Marsters et al . , Curr. Biol . , 7:1003-1006 
10 (1997)]. The ELISA was performed essentially as described in 
Example 9 above. 

The results are shown in Figure 11. The Apo-2 antibody 
3F11.39.7 bound to Apo-2. The 3F11.39.7 antibody also showed some 
cross-reactivity to DR4, but not to DcRl or DcR2 . 

15 

EXAMPLE 13 
Antibody Isotyping 

The isotype of the 3F11.3 9.7 antibody (as described 
above) was determined by coating microtiter plates with isotype 

20 specific goat anti-mouse Ig (Fisher Biotech, Pittsburgh, PA) 
overnight at 4°C. The plates were then washed with wash buffer (as 
described in Example 9 above) . The wells in the microtiter plates 
were then blocked with 2 00 |il of 2% bovine serum albumin (BSA) and 
incubated at room temperature for one hour. The plates were washed 

25 again three times with wash buffer. Next, 100 ^il of 5 ng/ml of 
purified 3F11..39.7 antibody was added to designated wells. The 
plates were incubated at room temperature for 3 0 minutes and then 
50 |il HRP- conjugated goat anti-mouse IgG (as described above) was 
added to each well. The plates were incubated for 30 minutes at 

30 room temperature. The level of HRP bound to the plate was detected 
using HRP substrate as described above. 

The isotyping analysis showed that the 3F11.3 9.7 
antibody is an IgGl antibody. 
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EXAMPLE 14 
Single-Chain Ado-2 Antibodies 



^ Antibody Pha ge Selection using streptavidin-coated 

paramagnetic beads 

A" ph&ge library was selected using soluble biotinylated 
antigen and streptavidin-coated paramagnetic beads. The antigen , 
an Apo-2 ECD immunoadhesin prepared as described in Example 2B 
above, was biotinylated using IMMUNOPURE NHS-biotin (biotiny-N- 
hydroxy- succinimide, Pierce) according to manufacturer's 
instructions . 

Two panning experiments were performed. The first 
experiment was designed to isolate phage clones specific for Apo-2 
and which did not cross react with DR4 or DcRl . Three rounds of 
panning were carried out. For the first round, 10 jul of the 
Cambridge Antibody Technologies phage library were blocked with 1 
ml of MPBST (3% dry milk powder, IX PBS , 0.2% TWEEN) containing 800 
jig of CD4-Ig, 300 ^ig DR4-Ig, and 200 ^9 of DcRl-Ig for 1 hour on a 
rotating wheel at room temperature (CD4-Ig, DR4 , and DcRl are 
described in Capon et al . , Nature, 337:525 (1989); Pan et al . , 
supra; and Sheridan et al . , supra ) . Biotinylated Apo-2 ECD 
immunoadhesin was then added to a final concentration of 10 0 nM, 
and phage were allowed to bind antigen for 1 hour at 37 °C. 
Meanwhile, 300 ^1 of DYNABEADS M-280, coated with streptavidin 
(DYNAL) were washed 3 times with 1 ml MPBST (using a DYNAL Magnetic 
Particle Concentrator) and then blocked for 2 hours at 37 °C with l 
ml fresh MPBST on a rotator. The beads were collected with the 
MPC, resuspended in 50 |il of MPBST, and added to the phage-plus- 
antigen solution. Mixing continued on a wheel at room temperature 
for 15 minutes. The DYNABEADS and attached phage were then washed 
a total of 7 times: 3 times with 1 ml PBS -TWEEN, once with MPBS, 
followed by 3 times with PBS. 

Phage were eluted from the beads by incubating 5 minutes 
at room temperature with 3 00 (il of 100 mM t rie thy 1 amine . The 
phage -containing supernatant was removed and neutralized with 150 
|il of 1 M Tris-HCl (pH 7.4) . Neutralized phage were used to infect 
mid- log TGI host cells and plated on 2YT agar supplemented with 2% 
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10 



15 



glucose and 100 ug/ml carbenicillin. After • overnight growth at 30 
°C, colonies were scraped into 10 ml 2YT. 50 pi of this solution' 
was used to inoculate 25 ml of 2YT with carbenicillin and glucose 
and incubated, shaking, for 2 hours at 37 °C. Helper phage M13K07 
(Pharmacia) were added at a m.o.i. of 10. After adsorption, the 
cells were pelleted and resuspended in 25 ml of 2YT with 
carbenicillin (100 ug/ml) and kanamyc.in (50 ug/ml) and growth 
continued at 30 °C for 4 hours. E. coli were removed from the phage 
by centrifugation, and l ml of these phage (approximately 10 12 
c.f.u.) were used in subsequent rounds of selection. 

For the second round of selection, the 1 ml of harvested 
phage was adjusted to 3% dry milk, IX PBS, 0.2% TWEEN and then 100 
Ug DR4-Ig, 6 5 ug DcRl-Ig, and 500 ug of CD4-Ig were added for 
blocking. For selection, biotinylated Apo-2 was added at 10 nM. 
Washing stringency was increased to two cycles of 7 washes. 

For the third round of selection, phage were blocked 
with only MPBST. Biotinylated Apo-2 was added to 1 nM, and washing 
stringency was increased to three cycles of 7 washes. Relatively 
few clones were obtained in this round; therefore Pan 2B, Round 3 
was performed using 5 nM of biotinylated Apo-2 with all other 
conditions repeated as before. 

A second panning experiment was performed similarly as 
above except that in Rounds 1 and 2, blocking of phage solutions 
was conducted with MPBST containing 1.0 mg/ml CD4-Ig (no other 

25 immunoadhesins) and Round 3 was blocked with MPBST only. 
Biotinylated Apo-2 was added at 200 nM in Round 1, 60 nM in Round 
2, and 12 nM in Round 3. At each round, phage were eluted from the 
magnetic beads with 3 00 ul of 100 nM triethylamine, then with 300 ul 
0.1 M Tris-HCl (pH 7.5), and then with 300 ul glycine- 0.1 M HC1 (pH 

30 2.2) containing 1 mg/ml BSA. The phage obtained from the three 
sequential elutions were pooled and used to infect host strain TGI 
as above. 



20 



iL ELISA screening of selected clones 

After each round of selection, individual 
35 carbenicillin-resistant colonies were screened by ELISA to 
identify those producing Apo-2 -binding phage; Only those clones 
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which were positive in two or more assay formats were further 
studied. 

Individual clones were inoculated into 2TY with 2% 
glucose and 100 fig /ml carbenicillin in 96-well tissue culture 
plates and grown until turbid. Cultures were then infected at a 
m.o.i. of 10 with M12K07 helper phage, and infected cells were 
transferred to 2YT media containing carbenicillin (100 /xg/ml) and 
kanamycin (50 fig/ml) for growth overnight at 3 0°C with gentle 
shaking. 

NUNC MAXISORP microtiter plates were coated with 50 fil 
per well of Apo-2 ECD immunoadhesin, or CD4-IgG, at 2 /xg/ml in 5 0 
mM carbonate buffer (pH 9.6), at 4°C overnight. After removing 
antigen, plates were blocked with 3% dry milk in PBS (MPBS) for 2 
hours at room temperature. 

Phage cultures were centrifuged and 100 fil of phage - 
containing supernatants were blocked with 20 pi of 6 x PBS / 18% 
dry milk for 1 hour at room temperature. Block was removed from 
titer plates and blocked phage added and allowed to bind for l 
hour at room temperature. After washing, phage were detected with 
a 1:5000 dilution of horseradish peroxidase- conjugated anti-M13 
antibody (Pharmacia) in MPBS followed by 3 ',3', 5', 5'- 
tetramethylbenzidine (TMB) . Reactions were stopped by the 
addition of H 2 S0 4 and readings taken by subtracting the A 405 nm from 
the A 450nm . 

C. DNA fingerprinting of clones 

The diversity of Apo-2-binding clones was determined by 
PCR amplifying the scFv insert using primers pUC19R (5'AGC GGA TAA 
CAA TTT CAC ACA GG 3') (SEQ. ID. NO: 12) which anneals upstream of 
the leader sequence and fdtetseq (5'GTC GTC TTT CCA GAC GGT AGT 
3') (SEQ. ID. NO:13) which anneals in the 5' end of gene III, 
followed by digestion with the frequent -cutting restriction enzyme 
BstNI. 

DNA Fingerprinting: Protocol 
Mix A: dH20 67 ptl 

10 x ampliTaq buffer 10 
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25 mM MgCl 2 10 

DMSO, 50% 2 

forward primer i 

5 Mix B: 2.5 mM dNTPs 8 fil 

AMPLITAQ o . 5 

reverse primer i . o 

90 ul of Mix A was placed in a reaction tube and then inoculated 
.0 with a very small portion of E. coli colony using a yellow tip. 
The reaction mix was then heated in a PCR block to 98°C, for 3 
minutes, removed, and placed on ice. 10 M l Mix B was then added 
and the reaction mix was thermocycled at 95° C, 30 sec, 55°c 3 0 
sec, 72°C 1 minute 20 sec, for 25 cycles in a Perkin Elmer 2400 
5 thermocycler. io M l of the resultant reaction product was then 
removed and run on a 1% agarose gel to test for a 1 kB band. The 
remaining mix was brought to 1 x BstNI reaction buffer, 5 units 
BstNI was added and the DNA was allowed to digest for 2 hours at 
60°C. The resultant samples were then electrophoresed on a 
GeneGel Excel 12.5% acrylamide gel (Pharmacia Biotech). 
D. S equencing of clonss 

The nucleotide sequence of representative clones of 
each fingerprint pattern were obtained. Colonies were inoculated 
into 50 ml of LB medium supplemented with 2% glucose and 10 0 M g/ml 
carbenicillin, and grown overnight at 30°C. DNA was isolated 
using Qiagen Tip-ioos and the manufacturer's protocol and cycle 
sequenced with fluorescent dideoxy chain terminators (Applied 
Biosystems). Samples were run on an Applied Biosystems 373A 
Automated DNA Sequencer and sequences analyzed using the program 
"Sequencher" (Gene Codes Corporation) . The nucleotides sequences 
of selected antibodies 16E2, 20E 6 ' and 24C4 are shown in SEQ ID 
NO: 6, SEQ ID NO : 7 , and SEQ ID NO: 8, respectively, (in Figures ISA, 
15B and 15C respectively) . The corresponding amino acid sequences 
of antibodies 16E2, 20E6 and 24C4 are shown in SEQ ID N0:9, SEQ ID 
NO:10, and SEQ ID NO:ll, respectively (and in Figure 16). m 
addition, Figure 16 identifies the signal region, and heavy and 
light chain complementarity determining regions (underlined) of 
these scFv molecules. The CDR regions shown in Figure 16 were 



-82- 



f J-J-U1R2 



assigned according to the methods of Rabat et al . , "Sequences of 
Proteins of Immunological Interest," NIH Publ . No. 91-3242, 5 th 
Edition. 

iL Purifica tion of scFvs with (his) . 

For protein purification of soluble antibody, E. coli 
strain 33D3 was transformed with phagemid DNA. Five ml of 2YT 
with carbenicillin and glucose was used to grow overnight cultures 
at 30°C. 2.5 ml of these cultures were diluted into 250 ml of the 
same media and grown to an OD 600 of approximately 1.2. The cells 
were pelleted and resuspended in 500 ml of 2YT containing IPTG (1 
mM) and carbenicillin (100 ^g/ml) . to induce expression and grown 
for a further 16 hours at 22°C. Cell pellets were harvested and 
frozen at -20°C. 

The antibodies were purified by immobilized metal 
chelate affinity chromatography (IMAC) . Frozen pellets were 
resuspended in 10 ml of ice-cold shockate buffer (25 mM TRIS-HC1, 
1 mM EDTA, 500 mM NaCl , 20% sucrose, 1 mM PMSF) by shaking on ice 
for 1 hour. Imidazole was added to 20 mM, and cell debris removed 
by centrifugation. The supernatants were adjusted to ImM MgCl 2 
and 50 mM phosphate buffer pH 7.5. Ni-NTA agarose resin from 
Qiagen was used according to the manufacturer's instructions. The 
resin was equilibrated with 50 mM sodium phosphate buffer pH 7.5, 
500 mM NaCl, 20 mM imidazole, and the shockate added. Binding 
occurred in either a batch mode or on a gravity flow column. The 
resin was then washed twice with 10 bed volumes of equilibration 
buffer, and twice with buffer containing imidazole increased to 
50mM. Elution of proteins was with 50 mM phosphate buffer pH 7.5, 
500 mM NaCl and 250 mM imidazole. Excess salt and imidazole was 
removed on a PD-10 column (Pharmacia), and proteins were 
concentrated using a Centricom 10 to a volume of about 1 ml. 

Concentration was estimated spectrophotometrically 
assuming an A280 nm of 1.0 = 0.6 mg/ml. 

Assays to deter mine binding specificity of anti- 

Apo-2 scFvs 

To evaluate the specificity of each of the scFv clones, 
ELISA assays were performed to evaluate binding of 16E2, 20E6 and 
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24C4 to Apo-2 ECD-Ig, D R4-Ig, DcRl-Ig, DcR2-Ig and CD4-Ig 
(described above and in Example 12). 

In brief, NUNC EL ISA plates were coated with 50 m of a 
1 ng/ml receptor-lg imtnunoadhesin molecule in 0.05 M sodium 
5 carbonate buffer, p H 9.5, and allowed to incubate overnight at 
4°C. Plates were then blocked with 285 m ELISA diluent (PBS 
supplemented with 0.5% BSA, 0 . 05%- Tween . 20 , pH 7.4) for at least 
one hour at room temperature. 50 ul of the scFvs were added to 
the plates in a 1:5 serial dilution and allowed to incubate for i 
10 hour at room temperature. After this 1 hour dilution, the plates 
were washed 6 times with PBS/o.05% Tween. After binding to 
antigen coated plates, soluble scFv was detected by adding 50 „i 
of 1 pg/ml Mab 9E10 (an anti-c-myc antibody; ATCC CRL 1729) per 
well and allowing the plates to incubate for l hour at room 
15 temperature. After washing the plates 6 times with PBS/0.05% 
Tween, 50 m of a 1:5000 dilution of horseradish peroxidase- 
conjugated anti-Murine IgG antibody (Cappel catalogue: 55569) in 
MPBS was added to the plates and allowed to incubate for 1 hour. 
An observable signal was generated by adding 50 m of 3',3», 5 ., 5 .- 
20 tetramethylbenzidine ( TMB ) peroxidase substrate (KPL catalogue #: 
50-76-00). Reactions were stopped by the addition of H 2 S0« and 
readings taken by subtracting the A« 0Snni from the A, 50nm . 

As illustrated in Figures 12A, 12B and 12C, the ELISA 
assays showed that each of these antibodies exhibited a relatively 
5 high degree of specificity for Apo-2. 

Additional assays utilizing transfected cells also 
showed the specificity of 16E2 antibody for Apo-2. Specifically 
immunohistochemistry experiments were performed to evaluate the 
binding specificity of the 16E2 antibody to Apo-2 and DR4- 
0 transfected CHO cells. CHO cells were transfected with vector 
alone or vector containing the gene for Apo-2 or DR4 . The 
transfected cells were removed from culture plates, pelleted, and 
washed twice with PBS. The pellets were then resuspended in 
O.C.T. (Fisher), flash frozen in isopentain and LN 2 , and later 
5 sectioned using ctandard protocols. Staining of the sectioned 
cells was performed using a Vectastain Elite ABC kit. The 
sections were incubated with either ant i -Apo-2 antibody 16E2 or a 
negative control single chain antibody. The secondary antibody 
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employed was either a biotinylated anti-c-myc 9E10 antibody or 
anti-Penta His antibody (Qiagen) followed by biotinylated anti- 
mouse IgG. 

This immunohistochemistry assay showed specific 
staining of the Apo-2-transf ected cells but not the DR4- 
transfected- cells. The cellular staining was predominantly 
cytoplasmic. 

EXAMPLE 15 

Assay for Ability of His -ta g ged scFvs to Aaoni st- i^n y 
induce Apoptosis 

— Annexin V-biotin/St reptavidin- fS-351 96 Well Assay" 

Purified scFv antibodies (as described in Example 14 
above) were tested for ability to induce Apo-2 mediated apoptosis. 

In brief, SK-MES-1 cells (human lung carcinoma cell 
line; ATCC HTB 58) or HCT 116 cells (human colon carcinoma cell 
line; ATCC CCL 247) (4 X 10 4 cells/well) were aliquoted into 96 well 
plates in assay medium (1:1 mixture of phenol -red free Dulbecco 
modified Eagle medium and phenol-red free Ham's F-12 nutrient 
mixture supplemented with 10% fetal bovine serum, 2 mM L-glutamine, 
100 u/ml penicillin and 100 ug/ml streptomycin) and allowed to 
attach overnight at 37°C. The media was then removed and 0.1 ml of 
assay medium containing scFv at a final concentration of 50 ug/ml 
(16E2 or 20E6) was added to the wells (serial dilutions of 1:2 
performed in the plates) and allowed to incubate for 1 hour at room 
temperature. Other single chain antibodies were used as negative 
controls: an anti-tissue factor scFv clone, 7D5, or a scFv referred 
to as 19B8. After the 1 hour incubation with scFv antibody, 0 . l ml 
of 10 ug/ml anti-His (Qiagen, cat. No. 1007671) or anti-c-myc 
antibodies were added to the appropriate wells. Wells not 
receiving a crosslinking antibody received media alone. The plates 
were then allowed to incubate for 30 minutes at room temperature. 
After the 30 minutes incubation, 0.1 ml of 10 ug/ml goat anti-mouse 
IgG (ICN est. No. 67-029) was added to the appropriate wells. 
Wells not receiving anti-IgG antibody received media alone. The 
plates were then placed in an incubator for 15 minutes to allow the 
pH to return to 7.0. For positive controls, a 2 ug/ml solution of 
Apo-2 ligand (Apo-2L) (prepared as described in Example 11) in 
potassium phosphate buffer at pH 7.0 was added to the appropriate 
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wells, with serial 2 fold dilutions carried out in the plate. The 
negative control wells received media alone. The cells were then 
incubated overnight at 37°C in the presence of 5% C0 2 . 0.05 ml of 
annexin V-biotin (l ug/ml) in 2X Ca 2 * binding buffer (NeXins B.V.) 
was then added to the wells and then allowed to mix on a shaker for 
30 minutes.- ofOS ml of strepavidin- [S-35] (final concentration of 
2.5 x io« cpm/well) (Amersham) in 2X Ca 2 * binding buffer was then 
added to the wells and then allowed to mix on a shaker for 30 
minutes. The plates were then sealed and centrifuged for 4 minutes 
at 1500 rpm. To assess the extent of apoptosis, the plates were 
then counted on a Trialux Microbeta Counter (Wallace) to obtain cpm 
values corresponding to Annexin- V binding. 

As shown in Figures 13C and 14B, the 16E2 and 20E6 
antibodies agonistically induced apoptosis in SK-MES-1 cells. 

iL Crystal Violet Assay s 

In addition to the annexin V-biotin/streptavidin- [S-35] 
assay described above, scFv antibodies (as described in Example 14 
above) were tested for activity to induce Apo-2 mediated apoptosis 
via assays utilizing crystal violet. 

In brief, the SK-MES-1 cells were _ plated at 4xl0 4 
cells/well in assay medium (described in Section A above) and 
allowed to attach overnight at 37°C. The medium was removed and 
O.lrnl of assay medium containing scFv (as described in Section A 
above) at a final concentration of 50 ug/ml was added to the 
appropriate wells (wells without scFv added receive a media 
change) . Selected wells received "pre-complexed" samples in which 
10 ug/ml scFv 16E2 was combined with 100 ug/ml anti-His antibody 
for 5 hours at 4° C with continuous mixing before addition to the 
plate. The plates were allowed to incubate for 1 hour at room 
temperature . 

The scFv medium was removed and 0.1 ml of 10 ug/ml anti- 
His (Qiagen, cat. no. 1007671) or anti-c-myc antibodies diluted in 
assay medium was added to the wells (wells without crosslinker 
receive a media change.) The plates were then allowed to incubate 
for 3 0 minutes at room temperature. 

The medium was then removed and 0.1 ml of 10 ug/ml Goat 
anti-Mouse IgG (Fc Fragment specific-ICN est. no. 67-029) diluted 
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m assay medium was added to the appropriate wells (wells without 
anti-Fc receive a media change). The plates were then placed in 
the incubator for 15 minutes to allow the pH to return to 7.0. 

Apo-2L (stock at 100 fig/ml in potassium phosphate buffer 
PH 7.0) was diluted to 2 ng/ml and 0.1ml was added to the 
appropriate wells. Serial two-fold dilutions were carried down the 
plate. The plates were then incubated overnight at 3 7°c. 

All medium was removed from "the wells and the plates 
were then flooded with crystal violet solution. The plates were 
allowed to stain for 15 minutes. The crystal violet was removed by 
flooding the plates with running tap water. The plates were then 
allowed to dry overnight . 

The plates were read on an SLT plate reader at 540nm and 
the data analyzed using an. Excel macro and 4p-fit. 

As shown in Figures 13A, 13B, 14A and 14B, the 16E2 and 
20E6 antibodies agonistically induced apoptosis in SK-MES-l cells. 
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EXAMPLE 16 

Assay for Ability of gD-ta qqed scFys to ^cMsti cally TnHnna 
Apoptosis 

A purified gD-tagged form of 16E2 scFv was tested for 
ability to induce Apo-2 mediated apoptosis in a crystal violet 
assay as described in Example 15 above. 

^ Construc tion of scFv with gp tag 

The Sfi I to Not I fragment of the scFv form of 16E2 
was subcloned into a derivative of P AK19 (Carter et al . , Methods, a 
Companion to Methods in Enzv ffiolg aY , 3:183-192 (1991)) containing 
the phoA promoter and stll signal sequence rather than the lacZ 
promoter and hybrid signal sequence of the original library. For 
ease of purification, a DNA fragment coding for 12 amino acids 
(met-ala-asp-pro-asn-arg-phe-arg-gly-iy S -asp-leu SEQ ID N0:14) 
derived from herpes simplex virus type 1 glycoprotein D (Lasky et 
al., DNA, 3:23-29 (1984)) was synthesized and inserted at the 3' 
end of the VL domain in place of the (his) 6 and c-myc epitope 
originally present in the Cambridge Antibody Technologies library 
clones . 

JL Expression in R. ml i 
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The plasmid containing the gene for scFv l6E2-gD was 
transformed into E. coli strain 33D3 for expression in shake flask 
cultures. 5 ml of 2YT with carbenicillin and glucose was used to 
grow overnight cultures at 3 0° C. 2.5 ml of these cultures were 
diluted into 250 ml of the same medium and grown to an OD 600 of 
approximately 1^.0. The cells were pelleted and resuspended in 50 0 
ml of Modified AP-5 Minimal Media containing carbenicillin (100 
^g/ml) and grown for an additional 16 hours at 3 0° C. The cells 
were then pelleted and frozen. 

C. Purification of scFv with gD tag 

Frozen cell paste was resuspended at lgm/lOml of 
shockate buffer (25 mM Tris-HCl, 1 mM EDTA, 500 mM NaCl , 20% 
sucrose, 1 mM PMSF, pH 7.2) and gently agitated 4 hours on ice. 
The cell suspension was then processed through a Polytron 
microf luidizer (Brinkman) . Cell debris was removed by 

centrifugation at 10,000 x g for 30 minutes. After filtration 
through a 0.22 micron filter, the supernatant was loaded onto an 
affinity column (2.5 x 9.0 cm) consisting of an anti-gD antibody 
5B6 (Paborsky et al . , Protein Engineering , 3:547-553 (1990)) 
coupled to CNBr Sepharose which had been equilibrated with PBS. 
The column was washed 18 hours with PBS until the absorbance of 
the column effluent was equivalent to baseline. All steps were 
done at 4° C at a linear flow rate of 25 cm/hour. Elution was 
performed with 0.1 M acetic acid, 0.5 M NaCl, pH 2.9. Column 
fractions were monitored by absorbance at 280 nm and peak 
fractions pooled, neutralized with 1.0 M Tris, pH 8.0, dialyzed 
against PBS and sterile filtered. The resultant protein 

preparations were analyzed by non-reducing SDS-PAGE. 

D. Crystal Violet Assay 

The apoptosis assay was performed essentially as 
described in Example 15(B) above except that samples were serially 
diluted 1:3 in the plates and the 16E2-gD tagged antibody was 
tested in addition to two other preparations of 16E2 scFv 
(referred to as Prep. A and Prep. B in Figure 14C) . The results 
of the assay showing apoptosis induction in SK-MES-1 cells by 
16E2-gD antibody are illustrated in Figure 14C. 
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***** 

Deposit of Material 

The following materials have been deposited with the 
American Type Culture Collection, 10801 University Boulevard, 
Manassas, Virginia, USA (ATCC) : 

Material " ATCC Deo. No. Deposit Date 

pRK5-Apo-2 209021 May 8/ 1997 

3FH.39.7 HB-12456 January 13, 

1998 



This deposit was made under the provisions of the 
Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purpose of Patent Procedure and the 
Regulations thereunder (Budapest Treaty) . This assures maintenance 
of a viable culture of the deposit for 30 years from the date of 
deposit. The deposit will be made available by ATCC under the 
terms of the Budapest Treaty, and subject to an agreement between 
Genentech, Inc. and ATCC, which assures permanent and unrestricted 
availability of the progeny of the culture of the deposit to the 
public upon issuance of the pertinent U.S. patent or upon laying 
open to the public of any U.S. or foreign patent application, 
whichever comes first, and assures availability of the progeny to 
one determined by the U.S. Commissioner of Patents and Trademarks 
to be entitled thereto according to 35 USC Section 122 and the 
Commissioner's rules pursuant thereto (including 37 CFR Section 
1-14 with particular reference to 886 OG 638) . 

The assignee of the present application has agreed that 
if a culture of the materials on deposit should die or be lost or 
destroyed when cultivated under suitable conditions, the materials 
will be promptly replaced on notification with another of the same. 
Availability of the deposited material is not to be construed as a 
license to practice the invention in contravention of the rights 
granted under the authority of any government in accordance with 
its patent laws. 

The foregoing written specification is considered to be 
sufficient to enable one skilled in the art to practice the 
invention. The present invention is not to be limited in/scope by 
the construct deposited, since the deposited embodiment is intended 
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as a single illustration of certain aspects of the invention and 
any constructs that are functionally equivalent are within the 
scope of this invention. The deposit of material herein does not 
constitute an admission that the written description herein 
contained is inadequate to enable the practice of any aspect of the 
invention, Including the best mode thereof, nor is it to be 
construed as limiting the scope of the claims to the specific 
illustrations that it represents. Indeed, various modifications of 
the invention in addition to those shown and described herein will 
become apparent to those skilled in the art from the foregoing 
description and fall within the scope of the appended claims. 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

5 (i) APPLICANT: Adams, Camilia W. 

Ashkenazi, Avi J. 
Chuntharapai , Anan 
^ Kim, Kyung J. 

10 (ii) TITLE OF INVENTION: Apo-2 Receptor 

(iii) NUMBER OF SEQUENCES : 14 

(iv) CORRESPONDENCE ADDRESS: 

15 (A) ADDRESSEE: Genentech, Inc. 

(B) STREET: 1 DNA Way 

(C) CITY: South San Francisco 

(D) STATE: California 

(E) COUNTRY: USA 
20 (F) ZIP : 94080 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk 

(B) COMPUTER: IBM PC compatible 

25 (C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: WinPatin (Genentech) 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
3 0 (B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Marschang, Diane L. 
35 (B) REGISTRATION NUMBER: 35,600 

(C) REFERENCE/DOCKET NUMBER: P1101R2 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: 650/225-5416 
40 (B) TELEFAX: 650/952-9881 

(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 411 amino acids 
4 5 (B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 



50 



55 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

Met Glu Gin Arg Gly Gin Asn Ala Pro Ala Ala Ser Gly Ala Arg 
1 5 10 15 

Lys Arg His Gly Pro Gly Pro Arg Glu Ala Arg Gly Ala Arg Pro 
20 25 ' 30 

Gly Leu Arg Val Pro Lys Thr Leu Val Leu Val Val Ala Ala Val 
3 5 40 45 

Leu Leu Leu Val Ser Ala Glu Ser Ala Leu He Thr Gin Gin Asp 
60 50 55 6 o 

Leu Ala Pro Gin Gin Arg Ala Ala Pro Gin Gin Lys Arg Ser Ser 
65 70 ~ 75 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



Pro Ser Glu Gly Leu Cys Pro Pro Gly His His He Ser Glu Asp 
80 85 90 

Gly Arg Asp Cys He Ser Cys Lys Tyr Gly Gin Asp Tyr Ser Thr 
95 100 " 105 

His Trp Asn Asp Leu Leu Phe Cys Leu Arg Cys Thr Arg Cys Asp 
HO us 120 

Ser Gly Glu Val Glu Leu Ser Pro Cys Thr Thr Thr Arg Asn Thr 
125 130 ~ 135 

Val Cys Gin Cys Glu Glu Gly Thr Phe Arg Glu Glu Asp Ser Pro 
140 145 150 

Glu Met Cys Arg Lys Cys Arg Thr Gly Cys Pro Arg Gly Met Val 
155 160 * 165 

Lys Val Gly Asp Cys Thr Pro Trp Ser Asp He Glu Cys Val His 
I 70 175 180 

Lys Glu Ser Gly He lie He Gly Val Thr Val Ala Ala Val Val 
185 190 195 

Leu He Val Ala Val Phe Val Cys Lys Ser Leu Leu Trp Lys Lys 
200 205 210 

Val Leu Pro Tyr Leu Lys Gly He Cys Ser Gly Gly Gly Gly Asp 
215 220 ^ 225 

Pro Glu Arg Val Asp Arg Ser Ser Gin Arg Pro Gly Ala Glu Asp 
23 ° 235 * 240 

Asn Val Leu Asn Glu He Val Ser He Leu Gin Pro Thr Gin Val 
245 250 255 

Pro Glu Gin Glu Met Glu Val Gin Glu Pro Ala Glu Pro Thr Gly 
260 265 270 

Val Asn Met Leu Ser Pro Gly Glu Ser Glu His Leu Leu Glu Pro 
275 280 285 

Ala Glu Ala Glu Arg Ser Gin Arg Arg Arg Leu Leu Val Pro. Ala 
.29.0 295 300 

Asn Glu Gly Asp Pro Thr Glu Thr Leu Arg Gin Cys Phe Asp Asp 
3 °5 310 315 

Phe Ala Asp Leu Val Pro Phe Asp Ser Trp Glu Pro Leu Met Arg 
320 325 330 

Lys Leu Gly Leu Met Asp Asn Glu He Lys Val Ala Lys Ala Glu 
335 340 * 345 

Ala Ala Gly His Arg Asp Thr Leu Tyr Thr Met Leu He Lys Trp 
3 50 355 360 

Val Asn Lys Thr Gly Arg Asp Ala Ser Val His Thr Leu Leu Asp 
365 370 375 

Ala Leu Glu Thr Leu Gly Glu Arg Leu Ala Lys Gin Lys lie Glu 
380 3 85 3 90 

Asp His Leu Leu Ser Ser Gly Lys Phe Met Tyr Leu Glu Gly Asn 
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395 400 



4C 



Ala Asp Ser Ala Xaa Ser 
410 411 

(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH" : 1799 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 

CCCACGCGTQ CGCATAAATC AGCACGCGGC CGGAGAACCC CGCAATCTCT 50 

GCGCCCACAA AATAC AC CG A CGATGCCCGA TCTACTTTAA GGGCTGAAAC 100 

CCACGGGCCT GAGAGACTAT AAGAGCGTTC CCTACCGCC ATG GAA 14 5 

Met Glu 
1 

CAA CGG GGA CAG AAC GCC CCG GCC GCT TCG GGG GCC CGG 184 
Gin Arg Gly Gin Asn Ala Pro Ala Ala Ser Gly Ala Arg 
5 10 15 

AAA AGG CAC GGC CCA GGA CCC AGG GAG GCG CGG GGA GCC 223 
Lys Arg His Gly Pro Gly Pro Arg Glu Ala Arg Gly Ala 
20 25 

AGG CCT GGG CTC CGG GTC CCC AAG ACC CTT GTG CTC GTT 262 
Arg Pro Gly Leu Arg Val Pro Lys Thr Leu Val Leu Val 
30 35 40 

GTC GCC GCG GTC CTG CTG TTG GTC TCA GCT GAG TCT GCT 301 
Val Ala Ala Val Leu Leu Leu Val Ser Ala Glu Ser Ala 
45 50 

CTG ATC ACC CAA CAA GAC CTA GCT CCC CAG CAG AGA GCG 34 0 
Leu He Thr Gin Gin Asp Leu Ala Pro Gin Gin Arg Ala 
55 60 65 

GCC CCA CAA CAA AAG AGG TCC AGC CCC TCA GAG GGA TTG 3 79 
Ala Pro Gin Gin Lys Arg Ser Ser Pro Ser Glu Gly Leu 
70 75 ' so 

TGT CCA CCT GGA CAC CAT ATC TCA GAA GAC GGT AGA GAT 418 
Cys Pro Pro Gly His His He Ser Glu Asp Gly Arg Asp 
85 90 

TGC ATC TCC TGC AAA TAT GGA CAG GAC. TAT AGC ACT CAC 4 57 
Cys He Ser Cys Lys Tyr Gly Gin Asp Tyr Ser Thr His 
95 100 105 

TGG AAT GAC CTC CTT TTC TGC TTG CGC TGC ACC AGG TGT 496 
Trp Asn Asp Leu Leu Phe Cys Leu Arg Cys Thr Arg Cys 
110 115 

GAT TCA GGT GAA GTG GAG CTA AGT CCC TGC ACC ACG ACC 535 
Asp: Ser Gly Glu Val Glu Leu Ser Pro Cys Thr Thr Thr 
120 125 130 
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AGA AAC ACA GTG TGT CAG TGC GAA GAA GGC ACC TTC CGG 574 
Arg Asn Thr Val Cys Gin Cys Glu Glu Gly Thr Phe Arg 
135 140 145 

GAA GAA GAT TCT CCT GAG ATG TGC CGG AAG TGC CGC ACA 613 
Glu Glu Asp Ser Pro Glu Met Cys Arg Lys Cys Arg Thr 
150 155 

GGG TGT CCC'AGA-GGG ATG GTC AAG GTC GGT GAT TGT ACA 652 
Gly Cys Pro Arg Gly Met Val Lys Val Gly Asp Cys Thr 
160 165 170 

CCC TGG AGT GAC ATC GAA TGT GTC CAC AAA GAA TCA GGC 691 
Pro Trp Ser Asp He Glu Cys Val His Lys Glu Ser Gly 
175 iso 

ATC ATC ATA GGA GTC ACA GTT GCA GCC GTA GTC TTG ATT 73 0 
He He He Gly Val Thr Val Ala Ala Val Val Leu He 
185 i 9 o 195 

GTG GCT GTG TTT GTT TGC AAG TCT TTA CTG TGG AAG AAA 76 9 
Val Ala val Phe Val Cys Lys Ser Leu Leu Trp Lys Lys 
200 205 2 10 

GTC CTT CCT TAC CTG AAA GGC ATC TGC TCA GGT GGT GGT 808 
Val Leu Pro Tyr Leu Lys Gly He Cys Ser Gly Gly Gly 
215 220 

GGG GAC CCT GAG CGT GTG GAC AGA AGC TCA CAA CGA CCT 84 7 
Gly Asp Pro Glu Arg Val Asp Arg Ser Ser Gin Arg Pro 
225 230 23 5 

GGG GCT GAG GAC AAT GTC CTC AAT GAG ATC GTG AGT ATC 886 
Gly Ala Glu Asp Asn Val Leu Asn Glu He Val Ser He 
240 245 

TTG CAG CCC ACC CAG GTC CCT GAG CAG GAA ATG GAA GTC 925 
Leu Gin Pro Thr Gin Val Pro Glu Gin Glu Met Glu Val 
250 255 260 

CAG GAG CCA GCA GAG CCA ACA GGT GTC AAC ATG TTG TCC 964 
Gin Glu Pro Ala Glu Pro Thr Gly Val Asn Met Leu Ser 
265 270 275 

CCC GGG GAG TCA GAG CAT CTG CTG GAA CCG GCA GAA GCT 1003 
Pro Gly Glu Ser Glu His Leu Leu Glu Pro Ala Glu Ala 
280 285 

GAA AGG TCT CAG AGG AGG AGG CTG CTG GTT CCA GCA AAT 1042 
Glu Arg Ser Gin Arg Arg Arg Leu Leu Val Pro Ala Asn 
290 295 ' 3 0 o 

GAA GGT GAT CCC ACT GAG ACT CTG AGA CAG TGC TTC GAT 1081 
Glu Gly Asp Pro Thr Glu Thr Leu Arg Gin Cys Phe Asp 
305 310 

GAC TTT GCA GAC TTG GTG CCC TTT GAC TCC TGG GAG CCG 1120 
Asp Phe Ala Asp Leu Val Pro Phe Asp Ser Trp Glu Pro 
315 320 325 

CTC ATG AGG AAG TTG GGC CTC ATG GAC AAT GAG ATA AAG 1159 
Leu Met Arg Lys Leu Gly Leu Met Asp Asn Glu He Lys 
330 335 ~ 340 
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GTG GCT AAA GCT GAG GCA GCG GGC CAC AGG GAC ACC TTG 1198 
Val Ala Lys Ala Glu Ala Ala Gly His Arg Asp Thr Leu 
345 350 

TAC ACG ATG CTG ATA AAG TGG GTC AAC AAA ACC GGG CGA 1237 
Tyr Thr Met Leu He Lys Trp Val Asn Lys Thr Gly Arg 
355 360 " 365 

GAT GCC TCT GTC "CAC ACC CTG CTG GAT GCC TTG GAG ACG 1276 
Asp Ala Ser Val His Thr Leu Leu Asp Ala Leu Glu Thr 
370 375 

CTG GGA GAG AGA CTT GCC AAG CAG AAG ATT GAG GAC CAC 1315 
Leu Gly Glu Arg Leu Ala Lys Gin Lys He Glu Asp His 
380 385 390 

TTG TTG AGC TCT GGA AAG TTC ATG TAT CTA GAA GGT AAT 1354 
Leu Leu Ser Ser Gly Lys Phe Met Tyr Leu Glu Gly Asn 
395 400 405 

GCA GAC TCT GCC WTG TCC TAAGTGTG ATTCTCTTCA GGAAGTGAGA 14 00 
Ala Asp Ser Ala Xaa Ser 
410 411 

CCTTCCCTGG TTTACCTTTT TTCTGGAAAA AGCCCAACTG GACTCCAGTC 14 5 0 
AGTAGGAAAG TGCCACAATT GTCACATGAC CGGTACTGGA AGAAACTCTC 15 00 
CCATCCAACA TCACCCAGTG GATGGAACAT CCTGTAACTT TTCACTGCAC 1550 
TTGGCATTAT TTTTATAAGC TGAATGTGAT AATAAGGACA CTATGGAAAT 16 00 
GTCTGGATCA TTCCGTTTGT GCGTACTTTG AGATTTGGTT TGGGATGTCA 1650 
TTGTTTTCAC AGCACTTTTT TATCCTAATG TAAATGCTTT ATTTATTTAT 17 00 
TTGGGCTACA TTGTAAGATC CATCTACAAA AAAAAAAAAA AAAAAAAAAG 1750 
GGCGGCCGCG ACTCTAGAGT CGACCTGCAG AAGCTTGGCC GCCATGGCC 17 99 
(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: .7 0 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

. (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 



GGGAGCCGCT CATGAGGAAG TTGGGCCTCA TGGACAATGA GATAAAGGTG 50 
GCTAAAGCTG AGGCAGCGGG 70 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 9 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 
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ATCAGGGACT TTCCGCTGGG GACTTTCCG 29 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 0 base pairs 

(B) TYPE: -Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 



AGGATGGGAA GTGTGTGATA TATCCTTGAT 30 
(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 93 0 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID * 



ATG ACC ATG ATT ACG CCA AGC TTT GGA GCC TTT TTT 36 
Met Thr Met lie Thr Pro Ser Phe Gly Ala Phe III 
5 10 

TTG GAG ATT TTC AAC GTG AAA AAA TTA TTA TTC GCA ATT 75 
Leu Glu lie Phe Asn Val Lys Lys Leu Leu p £ ^ J™ 75 
15 20 25 

CCT TTA GTT GTT CCT TTC TAT GCG GCC CAG CCG GCC zvTr „ A 
Pro Leu Val Val Pro Phe Tyr Ala Ala Gin Pro Ma Met " 
30 35 

GCC GAG GTG CAG CTG GTG CAG TCT GGG GGA GGT GTG GAA 153 
Ala Glu Val Gin Leu Val Gin Ser Gly Gly Gly Vax Glu 
40 45 50 

CGG CCG GGG GGG TCC CTG AGA CTC TCC TGT GCA GCC TCT 192 
Arg Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala All sir 
55 60 

GGA TTC ACC TTT GAT GAT TAT GGC ATG AGC TGG GTC CGC 231 
Gly Phe Thr Phe Asp Asp Tyr Gly Met Ser Trp VaT Arg 

70 • 75 

CAA GCT CCA GGG AAG GGG CTG GAG TGG GTC TCT GGT ATT 270 
Gin Ala Pro Gly Lys Gly Leu Glu Trp Val Ser Gly 

80 8 5 90 

AAT TGG AAT GGT GGT AGC ACA GGA TAT GCA GAC TCT GTG 309 
Asn Trp Asn Gly Gly Ser Thr Gly Tyr Ala Asp Ser vlt 
95 100 

AAG GGC CGA GTC ACC ATC TCC AGA GAC AAC GCC AAG AAC 348 
Lys Gly Arg Val Thr He Ser Arg Asp Asn Ala i£ ^n 
105 115 
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TCC CTG TAT CTG CAA ATG AAC AGC CTG AGA GCC GAG GAC 3 87 
Ser Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 
120 125 

ACG GCC GTA TAT TAC TGT GCG AAA ATC CTG GGT GCC GGA 42 6 
Thr Ala Val Tyr Tyr Cys Ala Lys He Leu Gly Ala Gly 
130 135 140 

CGG GGC TOG JAC JTC GAT CTC TGG GGG AAG GGG ACC ACG 465 
Arg Gly Trp Tyr Phe Asp Leu Trp Gly Lys Gly Thr Thr 
145 150 " * i5 5 

GTC ACC GTC TCG AGT GGT GGA GGC GGT TCA GGC GGA GGT 504 
Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly 
160 i 6 5 

GGC AGC GGC GGT GGC GGA TCG TCT GAG CTG ACT CAG GAC 543 
Gly Ser Gly Gly Gly Gly Ser Ser Glu Leu Thr Gin Asp 
170 175 180 

CCT GCT GTG TCT GTG GCC TTG GGA CAG ACA GTC AGG ATC 58 2 
Pro Ala Val Ser Val Ala Leu Gly Gin Thr Val Arg He 
185 190 

ACA TGC CAA GGA GAC AGC CTC AGA AGC TAT TAT GCA AGC 621 
Thr Cys Gin Gly Asp Ser Leu Arg Ser Tyr Tyr Ala Ser 
195 200 205 

TGG TAC CAG CAG AAG CCA GGA CAG GCC CCT GTA CTT GTC 660 
Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Val Leu Val 
210 215 220 

ATC TAT GGT AAA AAC AAC CGG CCC TCA GGG ATC CCA. GAC 6 99 
He Tyr Gly Lys Asn Asn Arg Pro Ser Gly He Pro Asp 
225 230 

CGA TTC TCT GGC TCC AGC TCA GGA AAC ACA GCT TCC TTG 73 8 
Arg Phe Ser Gly Ser Ser Ser Gly Asn Thr Ala Ser Leu 
235 240 245 

ACC ATC ACT GGG GCT CAG GCG GAA GAT GAG GCT GAC TAT 77 7 
Thr He Thr Gly Ala Gin Ala Glu Asp Glu Ala Asp Tyr 
250 255 

TAC TGT AAC TCC CGG GAC AGC AGT GGT AAC CAT GTG GTA 816 
Tyr Cys Asn Ser Arg Asp Ser Ser Gly Asn His Val Val 
260 265 270 

TTC GGC GGA GGG ACC AAG CTG ACC GTC CTA GGT GCG GCC 855 
Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Gly Ala Ala 
275 280 . * 285 

GCA CAT CAT CAT CAC CAT CAC GGG GCC GCA GAA CAA AAA 894 
Ala His His His His His His Gly Ala Ala Glu Gin Lys 
290 295 

CTC ATC TCA GAA GAG GAT CTG AAT GGG GCC GCA TAG 930 
Leu He Ser Glu Glu Asp Leu Asn Gly Ala Ala 
3 °0 305 * 309 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 939 base pairs 
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(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 



ATG ACC 
Met Thr 
1 

TTG GAG ATT 
Leu Glu lie 
15 

CCT TTA GTT 
Pro Leu Val 



ATG ATT 

'Met'^Ile 



TTC AAC 
Phe Asn 



GCC GGG GTG 
Ala Gly Val 
40 

CAG CCT GGG 
Gin Pro Gly 



GGA TTC ACC 
Gly Phe Thr 
65 

CAG GCT CCA 
Gin Ala Pro 
80 

AAG CAA GAT 
Lys Gin Asp 



GTT CCT 
Val Pro 
30 

CAG CTG 
Gin Leu 



GGG TCC 
Gly Ser 
55 

TTT AGT 
Phe Ser 



ACG CCA AGC 
Thr Pro Ser 
5 

GTG AAA AAA 
Val Lys Lys 
20 

TTC TAT GCG 
Phe Tyr Ala 



TTT GGA GCC TTT TTT 36 
Phe Gly Ala Phe Phe 
10 

TTA TTA TTC-GCA ATT 7 5 
Leu Leu Phe Ala He 
25 

CCG GCC ATG 114 
Pro Ala Met 



GTG GAG TCT 
Val Glu Ser 
45 

CTG AGA CTC 
Leu Arg Leu 



GGG AAG 
Gly Lys 



AAG GGC CGA 
Lys Gly Arg 
105 

TCA CTG TAT 
Ser Leu Tyr 



ACG GCT GTG 
Thr Ala Val 
130 

AAG GGC AGC 
Lys Gly Ser 
145 

GGG ACC ACG 
Gly Thr Thr. 



GGA AGT 
Gly Ser 
95 

TTC ACC 
Phe Thr 



CTG CAA 
Leu Gin 
120 

TAT TAC 
Tyr Tyr 



AGC TAT TGG 
Ser Tyr Trp 
70 

GGG CTG GAG 
Gly Leu Glu 
85 

GAG AAA TAC 
Glu Lys Tyr 



GCC CAG 
Ala Gin 
35 

GGG GGA 
Gly Gly 



TCC TGT 
Ser Cys 
60 

ATG AGC 
Met Ser 



GGC TTG GTC 153 
Gly Leu Val 
50 

GCA GCC TCT 192 
Ala Ala Ser 



TGG GTC CGC 231 
Trp Val Arg 
75 

TGG GTG GCC AAC ATA 270 
Trp Val Ala Asn He 
90 

GAC TCT GTG 30 9 
Asp Ser Val 



TAT GTG 
Tyr Val 
100 



ATC TCC AGA 
He Ser Arg 
110 

ATG AAC AGC 
Met Asn Ser 



GAC AAC GCC AAG AAC 34 8 
Asp Asn Ala Lys Asn 
115 

GCC GAG GAC 3 87 
Ala Glu Asp 



GGC GGA GGT 
Gly Gly Gly 
170 



TCG TCT 
Ser Ser 



GTC ACC 
Val Thr 
160 

GGT AGC 
Gly Ser 



TGT GCG AGA 
Cys Ala Arg 
135 

GGG TGG TTC 
Gly Trp Phe 
150 

GTC TCG AGT 
Val Ser Ser 



GGC GGT GGC 
Gly Gly Gly 
175 



CTG AGA 
Leu Arg 
125 

GAT CTT 
Asp Leu 



GAC CCC 
Asp Pro 



GGT GGA 
Gly Gly 
165 

GGA TCG 
Gly Ser 



TTA AAG GTC 426 
Leu Lys Val 
140 

TGG GGG AGA 465 
Trp Gly Arg 
155 

GGC GGT TCA 504 
Gly Gly Ser 



TCT GAG CTG 543 
Ser Glu Leu 
180 



ACT CAG GAC CCT GCT GTG TCT GTG GCC TTG GGA CAG ACA 582 
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Thr Gin Asp Pro Ala Val Ser Val Ala Leu Gly Gin Thr 
185 190 

GTC AGG ATC ACA TGC CAA GGA GAC AGC CTC AGA AGC TAT 621 
5 Val Arg He Thr Cys Gin Gly Asp Ser Leu Arg Ser Tyr 
195 200 205 

TAT GCA AGC TGG TAC CAG CAG AAG CCA GGA CAG GCC CCT 660 
Tyr Ala Ser Trp -Tyr Gin Gin Lys Pro Gly Gin Ala Pro 
10 210 215 220 



15 



GTA CTT GTC ATC TAT GGT AAA AAC AAC CGG CCC. TCA GGG 6 99 
Val Leu Val He Tyr Gly Lys Asn Asn Arg Pro Ser Gly 
225 230 

ATC CCA GAC CGA TTC TCT GGC TCC AGC TCA GGA AAC ACA 738 
He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Asn Thr 
235 240 * 245 



2 0 GCT TCC TTG ACC ATC ACT GGG GCT CAG GCG GAA GAT GAG 77 7 
Ala Ser Leu Thr He Thr Gly Ala Gin Ala Glu Asp Glu 
250 255 



GCT GAC TAT TAC TGT AAC TCC CGG GAC AGC AGT GGT AAC 816 
2 5 Ala Asp Tyr Tyr Cys Asn Ser Arg Asp Ser Ser Gly Asn 
260 265 270 



CAT GTG GTA TTC GGC GGA GGG ACC AAG CTG ACC GTC CTA 855 
His Val Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu 
30 275 280 285 



GGT GCG GCC GCA CAT CAT CAT CAC CAT CAC GGG GCC GCA 8 94 

Gly Ala Ala Ala His His His His His His Gly Ala Ala 
290 295 

35 

GAA CAA AAA CTC ATC TCA GAA GAG GAT CTG AAT GGG GCC 933 

Glu Gin Lys Leu He Ser Glu Glu Asp Leu Asn Gly Ala 

300 305 310 



40 GCA TAG 939 
Ala 
312 



45 



(2) INFORMATION FOR SEQ ID NO : 8 : 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 93 3 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 
50 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 



55 ATG ACC ATG ATT ACG CCA AGC TTT GGA GCC TTT TTT 36 

Met Thr Met He Thr Pro Ser Phe Gly Ala Phe Phe 

1 5 10 

TTG GAG ATT TTC AAC GTG AAA AAA. TTA TTA TTC GCA ATT 75 

60 Leu Glu lie Phe Asn Val Lys Lys Leu Leu Phe Ala lie 

15 20 25 

CCT TTA GTT GTT CCT TTC TAT GCG GCC CAG CCG GCC ATG 114 

Pro Leu Val Val Pro Phe Tyr Ala Ala Gin Pro Ala Met 
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30 



35 



GCC CAG GTG CAG CTG GTG 
Ala Gin Val Gin Leu Val 
40 

CAG CCT GGG CGG TCC CTG 
Gin Pro Gly Arg Ser Leu 
"55^ 

GGG TTC ATT TTC AGT AGT 
Gly Phe lie Phe Ser Ser 
65 70 

CAG GCT CCA GGC AAG GGG 
Gin Ala Pro Gly Lys Gly 
80 

TTT TAT GAT GGA GGT AAT 
Phe Tyr Asp Gly Gly Asn 
95 



CAG TCT 
Gin Ser 
45 

AGA CTC 
Arg Leu 



TAT GGG 
Tyr Gly 



CTG GAG 
Leu Glu 
85 

AAA TAC 
Lys Tyr 



GGG GGA GGC GTG 
Gly Gly Gly Val 
50 

TCC TGT GCA GCT 
Ser Cys Ala Ala 
60 

ATG CAC TGG GTC 
Met His Trp Val 
75 

TGG GTG GCA GGT 
Trp Val Ala Gly 



GTC 153 
Val 



TCT 192 
Ser 



CGC 231 
Arg 



TAT GCA GAC TCC 
Tyr Ala Asp Ser 
100 



AAG GGC CGA TTC ACC ATC 
Lys Gly Arg Phe Thr He 
105 

ACG CTG TAT CTG CAA ATG 
Thr Leu Tyr Leu Gin Met 
120 

ACG GCT GTG TAT TAC TGT 
Thr Ala Val Tyr Tyr Cys 
130 135 

TAC ATG GAC GTC TGG GGC 
Tyr Met Asp Val Trp Gly 
14 5 

TCC TCA GGT GGA GGC GGT 
Ser Ser Gly Gly Gly Gly 
160 

GGT GGC GGA TCG CAG TCT 
Gly Gly Gly Ser Gin Ser 
170 



TCC AGA 
Ser Arg 
110 

AAC AGC 
Asn Ser 



GCG AGA 
Ala Arg 



AAA GGG 
Lys Gly 
150 

TCA GGC 
Ser Gly 



GAC AAT TCC AAG 
Asp Asn Ser Lys 
115 

CTG AGA GCT GAG 
Leu Arg Ala Glu 
125 

GAT AGG GGC TAC 
Asp Arg Gly Tyr 
140 

ACC ACG GTC ACC 
Thr Thr Val Thr 



ATT 270 
He 
90 

GTG 309 
Val 



AAC 34 8 
Asn 



GAC 387 
Asp 



TAC 426 
Tyr 



GGA GGT GGC TCT 
Gly Gly Gly Ser 
165 



GTG TTG 
Val Leu 
175 



GTG TCT GGG GCC CCA GGA CAG AGG 
Val Ser Gly Ala Pro Gly Gin Arg 
185 

ACT GGG AGA AGC TCC AAC ATC GGG 
Thr Gly Arg Ser Ser Asn He Gly 
195 200 

CAC TGG TAC CAG CAA CTT CCA GGA 
His Trp Tyr Gin Gin Leu Pro Gly 
210 215 

CTC ATC TAT GAT GAC AGC AAT CGG 
Leu He Tyr Asp Asp Ser Asn Arg 
225 

GAC CGA TTC TCT GGC TCC AGG TCT 
Asp Arg Phe, Ser Gly Ser Arg Ser 



ACG CAG CCG CCC 
Thr Gin Pro Pro 
180 

GTC ACC ATC TCC 
Val Thr He Ser 
190 

GCA GGT CAT GAT 
Ala Gly His Asp 
2 05 

ACA GCC CCC AAA 
Thr Ala Pro Lys 



GTC 465 
Val 
155 

GGC 504 
Gly 



TCA 54 3 
Ser 



TGC 582 
Cys 



GTA 621 
Val 



CCC TCA GGG GTC 
Pro Ser Gly Val 
230 



CTC 660 
Leu 
220 

CCT 699 
Pro 



GGC ACC TCA GCC TCC 738 
Gly Thr Ser Ala Ser 
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235 240 



245 



CTG GCC ATC ACT GGG CTC CAG GCT GAA GAT GAG GCT GAT 777 
Leu Ala lie Thr Gly Leu Gin Ala Glu Asp Glu Ala Asp 
250 255 

TAT TAC TGC CAG TCC TAT GAC AGC AGC CTG AGG GGT TCG 816 
Tyr Tyr Cys Gin Ser Tyr Asp Ser Ser Leu Arg Gly Ser 
260 - 265 270 

GTA TTC GGC GGA GGG ACC AAG GTC ACT GTC CTA GGT GCG 855 
Val Phe Gly Gly Gly Thr Lys Val Thr Val Leu Gly Ala 
275 280 285 

GCC GCA CAT CAT CAT CAC CAT CAC GGG GCC GCA GAA CAA 894 
Ala Ala His His His His His His Gly Ala Ala Glu Gin 
290 295 

AAA CTC ATC TCA GAA GAG GAT CTG AAT GGG GCC GCA 93 0 
Lys Leu lie Ser Glu Glu Asp Leu Asn Gly Ala Ala 
300 305 310 

TAG 933 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 309 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 

Met Thr Met lie Thr Pro Ser Phe Gly Ala Phe Phe Leu Glu He 
1 5 10 



15 



Phe Asn Val Lys Lys Leu Leu Phe Ala He Pro Leu Val Val Pro 
20 25 30 

Phe Tyr Ala Ala Gin Pro Ala Met Ala Glu Val Gin Leu Val Gin 
35 40 45 

Ser Gly Gly Gly Val Glu Arg Pro Gly Gly Ser Leu Arg Leu Ser 
50 55 eo 

Cys Ala Ala Ser Gly Phe Thr Phe Asp Asp Tyr Gly Met Ser Trp 
65 70 75 

Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val Ser Gly He 
80 85 90 

Asn Trp Asn Gly Gly Ser Thr Gly Tyr Ala Asp Ser Val Lys Gly 
95 100 105 

Arg Val Thr He Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr Leu 
110 H5 120 

Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
125 130 . 135 

Ala Lys He Leu Gly Ala Gly Arg Gly Trp Tyr Phe Asp Leu Trp 
140 145 15 o 

Gly Lys Gly Thr Thr Val Thr Val Ser Ser Gly Gly Gly Gly Ser 
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155 160 165 

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Ser Glu Leu Thr Gin 
170 175 180 

Asp Pro Ala Val Ser Val Ala Leu Gly Gin Thr Val Arg lie Thr 
185 190 195 

Cys Gin Gly -Asp-iSer Leu Arg Ser Tyr Tyr Ala Ser Trp Tyr Gin 
200 205 210 

Gin Lys Pro Gly Gin Ala Pro Val Leu Val Ile..,Tyr Gly Lys Asn 
215 220 " 225 

Asn Arg Pro Ser Gly He Pro Asp Arg Phe Ser Gly Ser Ser Ser 
230 235 240 

Gly Asn Thr Ala Ser Leu Thr He Thr Gly Ala Gin Ala Glu Asp 
245 250 255 

Glu Ala Asp Tyr Tyr Cys Asn Ser Arg Asp Ser Ser Gly Asn His 
260 265 270 

Val Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Gly Ala Ala 
275 280 * 285 

Ala His His His His His His Gly Ala Ala Glu Gin Lys Leu He 
29 0 295 * 300 

Ser Glu Glu Asp Leu Asn Gly Ala Ala 
305 309 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 312 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Met Thr Met He Thr Pro Ser Phe Gly Ala Phe Phe Leu Glu He 
1 5 io is 

Phe Asn Val Lys Lys Leu Leu Phe Ala He Pro Leu Val Val Pro 
20 25 30 

Phe Tyr Ala Ala Gin Pro Ala Met Ala Gly Val Gin Leu Val Glu 
35 40 45 

Ser Gly Gly Gly Leu Val Gin Pro Gly Gly Ser Leu Arg Leu Ser 
50 55 " 60 

Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr Trp Met Ser Trp 
65 70 75 

Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val Ala Asn lie. 

80 85 90 

Lys Gin Asp Gly Ser Glu Lys Tyr Tyr Val Asp Ser Val Lys Gly 
95 100 105 

Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr Leu 
110 H5 120 
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Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
125 130 135 

Ala Arg Asp Leu Leu Lys Val Lys Gly Ser Ser Ser Gly Trp Phe 
"0 145 ' iso 

Asp Pro Trp Gly Arg Gly Thr Thr Val Thr Val Ser Ser Gly Gly 
'^■55 160 165 

Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Ser Glu 
170 175 " 180 

Leu Thr Gin Asp Pro Ala Val Ser Val Ala Leu Gly Gin Thr Val 
185 190 195 

Arg He Thr Cys Gin Gly Asp Ser Leu Arg Ser Tyr Tyr Ala Ser 
200 205 ~ ~ 210 

Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Val Leu Val He Tyr 
215 220 225 

Gly Lys Asn Asn Arg Pro Ser Gly He Pro Asp Arg Phe Ser Gly 
230 235 ~ 240 

Ser Ser Ser Gly Asn Thr Ala Ser Leu Thr He Thr Gly Ala Gin 
245 250 255 

Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Asn Ser Arg Asp Ser Ser 
260 265 270 

Gly Asn His Val Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu 
275 280 " 285 

Gly Ala Ala Ala His His His His His His Gly Ala Ala Glu Gin 
290 295 ~ 300 

Lys Leu He Ser Glu Glu Asp Leu Asn Gly Ala Ala 
305 310 312 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 310 amino. acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

Met Thr Met He Thr Pro Ser Phe Gly Ala Phe Phe Leu Glu He 
15 10 15 

Phe Asn Val Lys Lys Leu Leu Phe Ala He Pro Leu Val Val Pro 
20 25 30 

Phe Tyr Ala Ala Gin Pro Ala Met Ala Gin Val Gin Leu Val Gin 
35 40 45 

Ser Gly Gly Gly Val Val Gin Pro Gly Arg Ser Leu Arg Leu Ser 
50 55 60 . 

Cys Ala Ala Ser Gly Phe He Phe Ser Ser Tyr Gly Met His Trp 
65 70 75 
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Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val Ala Gly lie 
80 85 90 

Phe Tyr Asp Gly Gly Asn Lys Tyr Tyr Ala Asp Ser Val Lys Gly 
95 100 xos 

Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr Leu 
110 115 120 

Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
125 130 ' 135 

Ala Arg Asp Arg Gly Tyr Tyr Tyr Met Asp Val Trp Gly Lys Gly 
140 145 i 5 o 

Thr Thr Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly 
155 160 i 65 

Gly Ser Gly Gly Gly Gly Ser Gin Ser Val Leu Thr Gin Pro Pro 
170 175 leo 

Ser Val Ser Gly Ala Pro Gly Gin Arg Val Thr lie Ser Cys Thr 
185 i 9 o i 95 

Gly Arg Ser Ser Asn He Gly Ala Gly His Asp Val His Trp Tyr 
200 205 V 2 l 0 

Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu Leu lie Tyr Asp Asp 
215 220 225 

Ser Asn Arg Pro Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Arq 
230 235 240 

Ser Gly Thr Ser Ala Ser Leu Ala He Thr Gly Leu Gin Ala Glu 
245 250 255 

Asp Glu Ala Asp Tyr Tyr Cys Gin Ser Tyr Asp Ser Ser Leu Arg 
260 265 270 

Gly Ser Val Phe Gly Gly Gly Thr Lys Val Thr Val Leu Gly Ala 
275 280 265 

Ala Ala His His His His His His Gly Ala Ala Glu Gin Lys Leu 
290 295 

He Ser Glu Glu Asp Leu Asn Gly Ala Ala 
305 ' 310 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



300 



AGCGGATAAC AATTTCACAC AGG 23 
(2) INFORMATION FOR SEQ ID NO: 13: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 21 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 



GTCGTCTTTC CAGAGGGTAG T 21 
(2) INFORMATION FOR SEQ ID NO:14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Met Ala Asp Pro Asn Arg Phe Arg Gly Lys Asp Leu 
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What is claimed is: 

1. Isolated Apo-2 polypeptide having at least 80% amino acid 
sequence identity with native sequence Apo-2 polypeptide 
comprising amino acid residues 1 to 411 of SEQ ID N0:1. 

2. The Apo-2 polypeptide of claim 1 wherein said polypeptide has 
at least 90% amino acid sequence identity. 

3. The Apo-2 polypeptide of claim 2 wherein said polypeptide has 
at least 95% amino acid sequence identity. 

4. Isolated Apo-2 polypeptide comprising amino acid residues 1 to 
411 of SEQ ID N0:1. 

5. Isolated extracellular domain sequence of Apo-2 polypeptide 
comprising amino acid residues 54 to 182 of SEQ ID NO:l. 

6. The extracellular domain sequence of claim 5 comprising amino 
acid residues 1 to 182 of SEQ ID NO:l. 

7. Isolated death domain sequence of Apo-2 polypeptide comprising 
amino acid residues 324 to 3 91 of SEQ ID NO:l. 

8. A chimeric molecule comprising the Apo-2 polypeptide of claim 
1 or the extracellular domain sequence of claim 5 fused to a 
heterologous amino acid sequence. 

9. The chimeric molecule of claim 8 wherein said heterologous 
amino acid sequence is an epitope tag sequence. 

10. The chimeric molecule of claim 8 wherein said heterologous 
amino acid sequence is an immunoglobulin sequence. 

11. The chimeric molecule of claim 10 wherein said immunoglobulin 
sequence is an IgG. 

12. Isolated nucleic acid comprising a DNA encoding the 
polypeptide of claim 1, the extracellular domain sequence of 
claim 5, or the death domain sequence of claim 7. 

13. The nucleic acid of claim 12 wherein said DNA encodes an Apo-2 
polypeptide comprising amino acid residues 1 to 411 of SEQ ID 
NO: 1 . 

14. A vector comprising the nucleic acid of claim 12. 

15. The vector of claim 14 operably linked to control sequences 
recognized by a host cell transformed with the vector. 

16. The vector of claim 14 comprising ATCC deposit accession 
number 209021. 

17. A host cell comprising the vector of claim 14. 

18. The host cell of claim 17 comprising a CHO cell. 

19. The host cell of claim 17 comprising E. coli. 
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The host cell of claim 17 comprising a yeast cell. 
A process of producing an Apo-2 polypeptide comprising 
culturing the host cell of claim 17 under conditions 
sufficient to express Apo-2 polypeptide and recovering the 
expressed Apo-2 polypeptide from the culture. 

An Apo-2 ' polypeptide which is obtained or obtainable by 
expressing the polypeptide encoded by the cDNA insert in ATCC 
deposit accession number 209021. 

A non-human, transgenic animal which contains cells that 

express DNA encoding Apo-2 polypeptide. 

The animal of claim 23 which is a mouse or rat. 

A non-human, knockout animal which contains cells having an 

altered gene encoding Apo-2 polypeptide. 

The animal of claim 25 which is a mouse or rat. 

An antibody which specifically binds to an Apo-2 polypeptide. 
The antibody of claim 27 which is a monoclonal antibody. 
The antibody of claim 27 comprising an agonistic antibody. 
The antibody of claim 27 comprising a blocking antibody. 
The antibody of claim 24 comprising a chimeric antibody. 

The antibody of claim 28 wherein said antibody is an IgG 
antibody. 

The antibody of claim 28 wherein said antibody comprises an 
Fab fragment. 

The antibody of claim 2 8 wherein said antibody comprises a 
scFv fragment. 

The antibody of claim 28 wherein said antibody comprises a 
F (ab' ) 2 fragment . 

The antibody of claim 27 wherein said antibody comprises a 
human antibody. 

The antibody of claim 28 having the biological characteristics 
of the monoclonal antibody produced by the hybridoma cell line 
deposited as ATCC accession number HB-12456. 

The antibody of claim 28 wherein the antibody binds to the 
same epitope as the epitope to which the monoclonal antibody 
produced by the hybridoma cell line deposited as ATCC 
accession number HB-12456 binds. 

A hybridoma cell line which produces the antibody of claim 
28. 

The hybridoma cell line deposited, as ATCC accession number 
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HB-12456. 

The monoclonal antibody produced by the hybridoma cell line 
deposited as ATCC accession number HB- 12456. 

The antibody of claim 27 wherein said antibody is a single- 
chain antibody. 

The antibody of claim 42 wherein said antibody comprises the 
16E2 antibody. 

The antibody of claim 42 wherein said antibody comprises the 
20E6 antibody. 

The antibody of claim 42 wherein said antibody comprises the 
24C4 antibody. 

The antibody of claim 42 wherein said antibody is fused to an 
epitope tag sequence. 

A chimeric molecule comprising the antibody of claim 27 fused 
to a heterologous amino acid sequence. 

The chimeric molecule of claim 4 7 wherein said heterologous 
amino acid sequence comprises an immunoglobulin sequence. 

A dimeric molecule comprising the Apo-2 antibody of claim 2 7 
and a heterologous antibody. 

A homodimeric molecule comprising a first Apo-2 antibody and 
a second Apo-2 antibody. 

Isolated nucleic acid comprising DNA encoding the Apo-2 
antibody of claim 43. 

Isolated nucleic acid comprising DNA encoding the antibody of 
claim 44 . 

Isolated nucleic acid comprising DNA encoding the antibody of 
claim 45 . 

A vector comprising the nucleic acid of claim 51, 52, or 53. 

A host cell comprising the vector of claim 54. 

A method of producing an Apo-2 antibody comprising culturing 
the host cell of claim 55 under conditions wherein the DNA is 
expressed. 

A composition comprising the antibody of claim 27 and a 
carrier. 

The composition of claim 57 wherein said carrier is a 
pharmaceutically- acceptable carrier. 

A method of inducing apoptosis in mammalian cancer cells 
comprising exposing mammalian cancer cells to an effective 
amount of the Apo-2 agonistic antibody of claim 29. 
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The method of claim 59 wherein said agonistic antibody 
comprises a single-chain antibody. 

A method of treating mammalian cancer cells comprising 
exposing mammalian cancer cells to an agent which activates 
Apo-2 . 

The method of claim 61 wherein said agent comprises an 
agonistic Apo-2 antibody. 

An article of manufacture comprising a container and a 
composition contained within said container, wherein the 
composition includes Apo-2 polypeptide or Apo-2 antibody. 

The article of manufacture of claim 63 further comprising 
instructions for using the Apo-2 polypeptide or Apo-2 antibody 
in vivo or ex vivo. 
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Abstract of the Disclosure 
Novel polypeptides, designated Apo-2, which are capable 
of modulating apoptosis are provided. Compositions including Apo-2 
chimeras, nucleic acid encoding Apo-2, and antibodies to Apo-2 are 
also provided. 
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ATGACCATGA TTACGCCAAG CTTTGGAGCC TTTTTTTTGG AGATTTTCAA SO 
GGTGAAAAAA TTATTATTCG CAATTCCTTT AGTTGTTCCT TTCTATGCGG 10 . 
CCAGCGGOC CATGGCCGAG GTGCAGCTGG TGCAGTCTGG GGGAGGTGTG 15 „ 
AACGGCCGG GGGGGTCCCT G„GC TGTGCAGCCT CTGGATTCAC 2 00 
CTTTGATGAT TATGGCATGA GCTGGGTCCG CCAAGC TC CA GGGAAGGGGC 25 0 
CTCTGGTATT AATTGGAATG GTGGTAGCAC AGGATATGCA 300 
GACTCTGTGA AGGGCCGAGT CAGCA TCTC C AGAGACAACG CCAAGAACTC 3S0 
CCTGTATCTG CAAATGAACA GCCTGAGAGC CGAGGACACG GCCGTATATT ,00 
ACTGTGCGAA AATCCTGGGT GCCGGACGGG GCTGGTACTT CGATCTCTGG 450 
-AAGGGGA CCACGGTCAC CGTCTCGAGT GGTGGAGGCG GTTCAGGCGG 50 „ 
AGGTGGCAGC GGCGGTGGCG GATCGTCTGA GCTGACTCAG GACCCTGCTG 550 
~GGC CTTGGGACAG ACAGTCAGGA TCACATGCCA AGGAGACAGC 6 00 
CTCAGAAGCT ATTATGCAAG CTGGTACCAG CAGAAGCCAG GACAGGCCCC S S0 ' 
-AC™ TC ATCTATGGTA AAAACAACCG GCCCTCAGGG ATCCCAGACC 7 00 
O mGG CKm GGAAACACAG CTTC G TT GAG CA TC AG T GGG 7 50 
-CAGGGGG AAGATGAGGC TGACTATTAC TGTAACTCCC GGGACAGCAG 300 
TGGTAACCAT GTGGTATTCG GCGGAGGGAC CAAGCTGACC GTCCTAGGTG 050 
GGGCCGCACA TCATCATCAC CATCACGGGG CCGCAGAACA AAAACTCATC S 00 
TCAGAAGAGG ATCTGAATGG GGCCGCATAG 930 



ATGACCATGA TTACGCCAAG CTTTGGAGCC TTTTTTTTGG AGATTTTCAA 50 
GGTGAAAAAA TTATTATTCG CAATTCCTTT AGTTGTTCCT TTCTATGCGG l0 0 
GCCAGCCGGC GATGGCCGGG GTGCAGCTGG TGGAGTCTGG GGGAGGCTTG !50 
GTCCAGCCTG GGGGGTCCCT GAGACTCTCC TGTGCAGCCT CTGGATTCAC 2 00 
CTTTAGTAGG TATTGGATGA GCTGGGTCCG CCAGGCTCCA GGGAAGGGGC 2 50 
TGGAGTGGGT GGCCAACATA AAGCAAGATG GAAGTGAGAA ATACTATGTG 300 
GACTCTGTGA AGGGCCGATT CACCATCTCC AGAGACAACG CCAAGAACTC 3 50 
ACTGTATCTG CAAATGAACA GCCTGAGAGC CGAGGAGACG GCTGTGTATT -400 
ACTGTGCGAG AGATCTTTTA AAGGTCAAGG GCAGCTCGTC TGGGTGGTTC 4 50 
GACCCCTGGG GGAGAGGGAC CACGGTCACC GTCTCGAGTG GTGGAGGCGG 500 
TTCAGGCGGA GGTGGTAGCG GCGGTGGCGG ATCGTCTGAG CTGACTCAGG 550 
ACCCTGCTGT GTCTGTGGCC TTGGGACAGA CAGTCAGGAT CACATGCCAA 600 
GGAGACAGCC TCAGAAGCTA TTATGCAAGC TGGTACCAGC AGAAGCCAGG 6 50 
AGAGGCCC CT GTACTTGTCA TCTATGGTAA AAACAACCGG CCCTCAGGGA 700 
TCCCAGACCG ATTCTCTGGC TCCAGCTCAG GAAACAGAGC TTCCTTGACC 7S0 
ATCACTGGGG CTCAGGCGGA AGATGAGGCT GACTATTACT GTAACTCCCG S00 
GGACAGCAGT GGTAACCATG TGGTATTCGG CGGAGGGAGC AAGCTGACCG 850 
TCCTAGGTGC GGCCGCACAT CATCATCACC ATCACGGGGC CGCAGAACAA 900 
AAACTCATCT CAGAAGAGGA TCTGAATGGG GCCGCATAG 939 
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ATGACCATGA TT AGGGGAAG CTTTGGAGCC TTTTTTTTGG AGATTTTCAA SO 
GGTGAAAAAA TTATTATTCG CAATTCCTTT AGTTGTTCCT TTCTATGCGG 100 
CCCAGCCGGC CATGGCCCAG GTGCAGCTGG TGCAGTCTGG GGGAGGGGTG X50 
GTCCAGCCTG GGCGGTCCCT GAGACTCTCC TGTGCAGCTT CTGGGTTCAT 2 00 
TTTCAGTAGT TATGGGATGC ACTGGGTCCG CCAGGCTCCA GGGAAGGGGC 350 
TGGAGTGGGT GGCAGGTATT TTTTATGATG GAGGTAATAA ATACTATGCA 300 
GACTCCGTGA AGGGCCGATT CACCATCTCC AGAGACAATT CCAAGAACAC 350 
GCTGTATCTG GAAATGAACA GGGTGAGAGG TC AGGAGAGG 

AC^TGGGAG AGATAGGGGC TACTACTACA TGGACGTCTG GGGGAAAGGG 450 
ACCACGGTCA CCGTCTCCTC AGGTGGAGGC GGTTCAGGCG GAGGTGGCTC 500 
TGGCGGTGGC GGATCGCAGT CTGTGTTGAC GCAGCCGCCC TCAGTGTCTG 550 
GGGCCCCAGG ACAGAGGGTC ACCATCTCCT GCACTGGGAG AAGCTCCAAC 6 00 
ATCGGGGCAG GTCATGATGT ACACTGGTAC CAGCAACTTC CAGGAACAGC 650 
GCCCAAACTC CTCATCTATG ATGACAGCAA TCGGCCCTCA GGGGTCCCTG 700 
ACCGATTCTC TGGCTGCAGG TCTGGCACCT CAGCCTCCCT GGCCATCACT V50 
GGGCTCCAGG CTGAAGATGA GGCTGATTAT TACTGCCAGT CCTATGACAG 800 
CAGCCTGAGG GGTTCGGTAT TCGGCGGAGG GACCAAGGTC ACTGTCCTAG 850 
GTGCGGCCGC ACATCATCAT CACCATCACG GGGCCGCAGA ACAAAAACTC 800 
ATCTCAGAAG AGGATCTGAA TGGGGCCGCA TAG 833 
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Apo-2 Receptor 

RELATED APPLICATIONS 
This application is a non-provisional application 
claiming priority under Section 119(e) to provisional application 
number 60/046,615 filed May 15, 1997 and provisional application 
number 60/074,119 filed February 9, 1998, the contents of which are 
hereby incorporated by reference . 

FIELD OF THE INVENTION 
The present invention relates generally to the 
identification, isolation, and recombinant production of novel 
polypeptides, designated herein as Apo-2, -and to anti-Apo-2 
antibodies. 

BACKGROUND OF THE INVENTION 
Apoptosis or "Programmed Cell Death" 

Control of cell numbers in mammals is believed to be 
determined, in part, by a balance between cell proliferation and 
cell death. One form of cell death, sometimes referred to as 
necrotic cell death, is typically characterized as a pathologic 
form of cell death resulting from some trauma or cellular injury. 
In contrast, there is another, "physiologic" form of cell death 
which usually proceeds in an orderly or controlled manner. This 
orderly or controlled form of cell death is often referred to as 
"apoptosis" [see, e.g., Barr et al., Bio/Techno logy , 12:487-493 
(1994); Steller et al. # Science , 267:1445-1449 (1995)]. Apoptotic 
cell death naturally occurs in many physiological processes, 
including embryonic development and clonal selection in the immune 
system [Itoh et al. f Cell , 66:233-243 (1991)]. Decreased levels of 
apoptotic cell death have been associated with a variety of 
pathological conditions, including cancer, lupus, and herpes virus 
infection [Thompson, Science , 267:1456-1462 (1995)]. Increased 

ADE-35 
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levels of apoptotic cell death may be associated with a variety of 
other pathological conditions, including AIDS, Alzheimer's disease, 
Parkinson's disease, amyotrophic lateral sclerosis, multiple 
sclerosis, retinitis pigmentosa, cerebellar degeneration, aplastic 
5 anemia, myocardial infarction, stroke, reperfusion injury, and 
toxin-induced liver disease [see, Thompson, supra ] . 

Apoptotic cell death is typically accompanied by one or 
more characteristic morphological and biochemical changes in cells, 
such as condensation of cytoplasm, loss of plasma membrane 
10 microvilli, segmentation of the nucleus, degradation of chromosomal 
DNA or loss of mitochondrial function. A variety of extrinsic and 
intrinsic signals are believed to trigger or induce such 
morphological and biochemical cellular changes [Raff, Nature, 
Q 356:397-400 (1992); Steller, supra ; Sachs et al., Blood , 82:15 

Jjj 15 (1993)]. For instance, they can be triggered by hormonal stimuli, 

M such as glucocorticoid hormones for immature thymocytes, as well as 

m 

g withdrawal of certain growth factors [Watanabe-Fukunaga et al., 

*• Nature , 356 :314-317 (1992)]. Also, some identified oncogenes such 

as myc, rel, and E1A, and tumor suppressors, like p53, have been 

© 20 reported to have a role in inducing apoptosis. Certain 

m 

L^J chemotherapy drugs and some forms of radiation have likewise been 

M* observed to have apoptosis -inducing activity [Thompson, supra ] . 

TNF Family of Cytokines 

25 Various molecules, such as tumor necrosis f actor-a 

("TNF-a"), tumor necrosis factor-P (" TNF-p" or "lymphotoxin") , CD30 
ligand, CD27 ligand, CD40 ligand, OX-40 ligand, 4 -IBB ligand, Apo-1 
ligand (also referred to as Fas ligand or CD95 ligand) , and Apo-2 
ligand (also referred to as TRAIL) have been identified as members 

30 of the tumor necrosis factor ("TNF") family of cytokines [See, 
e.g., Gruss and Dower, Blood , 85:3378-3404 (1995); Wiley et al., 
Immunity , 3:673-682 (1995); Pitti et al., J. Biol. Chem. , 
271:12687-12690 (1996); WO 97/01633 published January 16, 1997]. 
Among these molecules, TNF -a, TNF-p, CD30 ligand, 4-1BB ligand, 

35 Apo-1 ligand, and Apo-2 ligand (TRAIL) have been reported to be 
involved in apoptotic cell death. Both TNF -a and TNF-p have been 
reported to induce apoptotic death in susceptible tumor cells 
[Schmid et al., Proc. Natl. Acad. Sci. , 83:1881 (1986); Dealtry et 
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al., Eur, J. Immunol. , 17:689 (1987)]'. Zheng et al. have reported 
that TNF-a is involved in post-stimulation apoptosis of CD8- 
positive T cells [Zheng et al., Nature , 377:348-351 (1995)]. Other 
investigators have reported that CD30 ligand may be involved in 
deletion of self -reactive T cells in the thymus [Amakawa et al., 
Cold Spring "Harbor Laboratory Symposium on Programmed Cell Death, 
Abstr. No. 10, (1995)] , 

Mutations in the mouse Fas/Apo-1 receptor or ligand 
genes (called Ipr and gld, respectively) have been associated with 
some autoimmune disorders, indicating that Apo-1 ligand may play a 
role in regulating the clonal deletion of self -reactive lymphocytes 
in the periphery [Krammer et al., Curr. Op. Immunol. , 6:279-289 
(1994); Nagata et al., Science , 267:1449-1456 (1995)]. Apo-1 
ligand is also reported to induce post-stimulation apoptosis in 
CD4 -positive T lymphocytes and in B lymphocytes, and may be 
involved in the elimination of activated lymphocytes when their 
function is no longer needed [Krammer et al., supra ; Nagata et al., 
supra] . Agonist mouse monoclonal antibodies specifically binding 
to the Apo-1 receptor have been reported to exhibit cell killing 
activity that is comparable to or similar to that of TNF-a 
[Yonehara et al . , J. Exp. Med. , 169:1747-1756 (1989)]. 

TNF Family of Receptors 

Induction of various cellular responses mediated by such 
TNF family cytokines is believed to be initiated by their binding 
to specific cell receptors. Two distinct TNF receptors of 
approximately 55-kDa (TNFR1) and 75-kDa (TNFR2) have been 
identified [Hohman et al., J. Biol. Chem. , 264:14927-14934 (1989); 
Brockhaus et al., Proc. Natl. Acad. Sci . , 87:3127-3131 (1990); EP 
417,563, published March 20, 1991] and human and mouse cDNAs 
corresponding to both receptor types have been isolated and 
characterized [Loetscher et al., Cell , 61:351 (1990); Schall et 
al., Cell , 61:361 (1990); Smith et al., Science , 248:1019-1023 
(1990); Lewis et al., Proc. Natl. Acad. Sci. . 88:2830-2834 (1991); 
Goodwin et al., Mol. Cell. Biol. , 11:3020-3026 (1991)]. Extensive 
polymorphisms have been associated with both TNF receptor genes 
[see, e.g., Takao et al., Immunoaenetics , 37:199-203 (1993)]. Both 
TNFRs share the typical structure of cell surface receptors 
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including extracellular, transmembrane and intracellular regions. 
The extracellular portions of both receptors are found naturally 
also as soluble TNF-binding proteins [Nophar, Y. et al. # EMBO J. , 
9:3269 (1990); and Kohno, T. et al., Proc. Natl. Acad. Sci. U.S.A. , 
5 87:8331 (1990)]. The cloning of recombinant soluble TNF receptors 
was reported by Hale et al. [ J. Cell. Biochem. Supplement 15F , 
1991, p. 113 (P424)] . 

The extracellular portion of type l and type 2 TNFRs 
(TNFRl and TNFR2) contains a repetitive amino acid sequence pattern 
10 of four cysteine-rich domains (CRDs) designated 1 through 4, 
starting from the NH 2 -terminus . Each CRD is about 40 amino acids 
long and contains 4 to 6 cysteine residues at positions which are 
p well conserved [Schall et al., supra ; Loetscher et al., supra ; 

f£ Smith et al., supra ; Nophar et al., supra ; Kohno et al., supra ] . 

Ml 

ffj 15 In TNFRl, the approximate boundaries of the four CRDs are as 

j follows: CRD1- amino acids 14 to about 53; CRD2- amino acids from 

m about 54 to about 97; CRD3- amino acids from about 98 to about 138; 

5 CRD4- amino acids from about 139 to about 167. In TNFR2 , CRD1 

M 

includes amino acids 17 to about 54; CRD2- amino acids from about 
^ 20 55 to about 97; CRD3- amino acids from about 98 to about 140; and 

HI 

m CRD4- amino acids from about 141 to about 179 [Banner et al., Cell , 

5* 73:431-435 (1993)]. The potential role of the CRDs in ligand 

. binding is also described by Banner et al., supra . 

A similar repetitive pattern of CRDs exists in several 
25 other cell-surface proteins, including the p75 nerve growth factor 
receptor (NGFR) [Johnson et al., Cell , 47:545 (1986); RadeJce et 
al., Nature , 325:593 (1987)], the B cell antigen CD40 [Stamenkovic 
et al., EMBO J. , 8:1403 (1989)], the T cell antigen OX40 (Mallet et 
al., EMBO J . , 9:1063 (1990)] and the Fas antigen [Yonehara et al., 
30 supra and Itoh et al., supra ] . CRDs are also found in the soluble 
TNFR (sTNFR) -like T2 proteins of the Shope and myxoma poxviruses 
[Upton et al., Virology , 160:20-29 (1987); Smith et al., Biochem. 
Biophys . Res . Commun . , 176:335 (1991); Upton et al., Virology , 
184 :370 (1991)]. Optimal alignment of these sequences indicates 
35 that the positions of the cysteine residues are well conserved. 
These receptors are sometimes collectively referred to as members 
of the TNF/NGF receptor superfamily. Recent studies on p75NGFR 
showed that the deletion of CRD1 [Welcher, A. A. et al., Proc. Natl. 
Acad. Sci. USA , 88:159-163 (1991)] or a 5-amino acid insertion in 
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this domain [Yan t H. and Chao, M.V., J.* Biol. Chem. . 266:12099- 
12104 (1991)] had little or no effect on NGF binding [Van, H. and 
Chao, M.V., supra l . p75 NGFR contains a proline-rich stretch of 
about 60 amino acids, between its CRD4 and transmembrane region, 
5 which is not involved in NGF binding [Peetre, C. et al., Eur. J. 
Hematol., 41^414-419 (1988); Seckinger, P. et al., J. Biol, chem. . 
264:11966-11973 (1989); Yan, H. and Chao, M.V., supra ] . A similar 
proline-rich region is found in TNFR2 but' not in TNFRi. 

Itoh et al. disclose that the Apo-1 receptor can signal 

10 an apoptotic cell death similar to that signaled by the 55-kDa 
TNFRI [Itoh et al . , supra]. Expression of the Apo-1 antigen has 
also been reported to be down -regulated along with that of TNFRI 
when cells are treated with either TNF-a or anti -Apo-1 mouse 
monoclonal antibody [Krammer et al., supra; Nagata et al., supra]. 

15 Accordingly, some investigators have hypothesized that cell lines 
that co -express both Apo-1 and TNFRI receptors may mediate cell 
killing through common signaling pathways [ Id. ] . 

The TNF family ligands identified to date, with the 
exception of lymphotoxin-a, are type II transmembrane proteins, 

20 whose C- terminus is extracellular. In contrast, the receptors in 
the TNF receptor (TNFR) family identified to date are type I 
transmembrane proteins. In both the TNF ligand and receptor 
families, however, homology identified between family members has 
been found mainly in the extracellular domain ("BCD"). Several of 

25 the TNF family cytokines, including TNF-a, Apo-1 ligand and CD40 
ligand, are cleaved proteolytically at the cell surface; the 
resulting protein in each case typically forms a homotrimeric 
molecule that functions as a soluble cytokine. TNF receptor family 
proteins are also usually cleaved proteolytically to release 

30 soluble receptor ECDs that can function as inhibitors of the 
cognate cytokines. 

Recently, other members of the mammalian TNFR family 
have been identified. In Marsters et al., Curr. Biol. , 6:750 
(1996), investigators describe a full length native sequence human 

35 polypeptide, called Apo-3, which exhibits similarity to the TNFR 
family in its extracellular cysteine-rich repeats and resembles 
TNFRI and CD95 in that it contains a cytoplasmic death domain 
sequence [see also Marsters et al., Curr. Biol. . 6:1669 (1996)]. 
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Apo-3 has also been referred to by other investigators as DR3, wsl- 
1 and TRAMP [Chinnaiyan et al., Science , 274:990 (1996); Kitson et 
al., Nature, 384:372 (1996); Bodmer et al., Immunity , 6:79 (1997)]. 

Pan et al. have disclosed another TNF receptor family 
member referred to as "DR4" [Pan et al,, Science , 276:111-113 
(1997)]. The '"DR4 was reported to contain a cytoplasmic death 
domain capable of engaging the cell suicide apparatus. Pan et al. 
disclose that DR4 is believed to be a receptor for the ligand known 
as Apo-2 ligand or TRAIL. 
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The Apoptos is -Inducing Signaling Complex 
As presently understood, the cell death program contains 
h a t least three important elements - activators, inhibitors, and 

Q effectors; in C. elegans, these elements are encoded respectively 

Sj 15 by three genes, Ced~4, Ced-9 and Ced-3 [Steller, Science , 267:1445 

^ (1995); Chinnaiyan et al . , Science , 275:1122-1126 (1997)]. Two of 

the TNFR family members, TNFRl and Fas/Apol (CD95) , can activate 
5 apoptotic cell death [Chinnaiyan and Dixit, Current Biology , 6:555- 

562 (1996); Fraser and Evan, Cell ; 85:781-784 (1996)]. TNFR1 is 
0 20 also known to mediate activation of the transcription factor, NF-kB 

fn [Tartaglia et al., Cell , 74:845-853 (1993); Hsu et al . , Cell, 

^ 84:299-308 (1996)]. In addition to some ECD homology, these two 

receptors share homology in their intracellular domain (ICD) in an 
oligomerization interface known as the death domain [Tartaglia et 
25 al., supra ; Nagata, Cell , 88:355 (1997)]. Death domains are also 
found in several metazoan proteins that regulate apoptosis, namely, 
the Drosophila protein, Reaper, and the mammalian proteins referred 
to as FADD/MORTl, TRADD, and RIP [Cleaveland and Ihle, Cell , 
81:479-482 (1995)]. Using the yeast-two hybrid system, Raven et al. 
30 report the identification of protein, wsl-1, which binds to the 
TNFRl death domain [Raven et al .,' Programmed Cell Death Meeting, 
September 20-24, 1995, Abstract at page 127; Raven et al., European 
Cytokine Network. 7:Abstr. 82 at page 210 (April-June 1996)]. The 
wsl-1 protein is described as being homologous to TNFRl (48% 
35 identity) and having a restricted tissue distribution. According 
to Raven et al., the tissue distribution of wsl-1 is significantly 
different from the TNFRl binding protein, TRADD. 

Upon ligand binding and receptor clustering, TNFRl and 
CD95 are believed to recruit FADD into a death- inducing signalling 
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complex. CD95 purportedly binds FADD directly, while TNFRl binds 
FADD indirectly via TRADD [Chinnaiyan et al. # Cell , 81:505-512 

(1995) ; Boldin et al., J. Biol. Chem. , 270:387-391 (1995); Hsu et 
al., supra ; Chinnaiyan et al., J. Biol. Chem. , 271:4961-4965 

(1996) ]. It has been reported that FADD serves as an adaptor 
protein which ^recruits the Ced-3-related protease, MACHa/FLICE 

(caspase 8), into the death signalling complex [Boldin et al., 
Cell , 85:803-815 (1996); Muzio et al. , " Cell , 85:817-827 (1996)]. 
MACHa/FLICE appears to be the trigger that sets off a cascade of 
apoptotic proteases, including the interleukin-lp converting enzyme 

(ICE) and CPP32/Yama, which may execute some critical aspects of 
the cell death programme [Fraser and Evan, supra ] . 

It was recently disclosed that programmed cell death 
involves the activity of members of a family of cysteine proteases 
related to the C. elegans cell death gene, ced-3, and to the 
mammalian IL-1- converting enzyme, ICE. The activity of the ICE and 
CPP32/Yama proteases can be inhibited by the product of the cowpox 
virus gene, crmA [Ray et al., Cell , 69:597-604 (1992); Tewari et 
al., Cell , JL1:801-809 (1995)]. Recent studies show that CrmA can 
inhibit TNFRl- and CD95-induced cell death [Enari et al . , Nature , 
375:78-81 (1995); Tewari et al . , J. Biol. Chem. , 270:3255-3260 

(1995) ] . 

As reviewed recently by Tewari et al., TNFRl, TNFR2 and 
CD40 modulate the expression of proinflammatory and costimulatory 
cytokines, cytokine receptors, and cell adhesion molecules through 
activation of the transcription factor, NF-kB [Tewari et al., Curr. 
Op. Genet. Develop. . 6:39-44 (1996)]. NF-kB is the prototype of a 
family of dimeric transcription factors whose subunits contain 
conserved Rel regions [Verma et al., Genes Develop. , 9:2723-2735 

(1996) ; Baldwin, Ann . Rev . Immunol . , 14:649-681 (1996)]. In its 
latent form, NF-kB is complexed with members of the IkB inhibitor 
family; upon inactivation of the IkB in response to certain stimuli, 
released NF-kB translocates to the nucleus where it binds to 
specific DNA sequences and activates gene transcription. 

For a review of the TNF family of cytokines and their 
receptors, see Gruss and Dower, supra . 



SUMMARY OF THE INVENTION 

Applicants have identified cDNA clones that encode novel 
polypeptides, designated in the present application as "Apo-2." It 
is believed that Apo-2 is a member of the TNFR family; full-length 
native sequence human Apo-2 polypeptide exhibits some similarities 
to some known TNFRs , including a cytoplasmic death domain region. 
Full-length native sequence human Apo-2 also exhibits similarity to 
the TNFR family in its extracellular cy£teine-rich repeats. Apo-2 
polypeptide has been found to be capable of triggering caspase- 
dependent apoptosis and activating NF-kB. Applicants surprisingly 
found that a soluble extracellular domain of Apo-2 binds Apo-2 
ligand ("Apo-2L") and can inhibit Apo-2 ligand function. It is 
presently believed that Apo-2 ligand can signal via at least two 
different receptors, DR4 and the newly described Apo-2 herein. 

In one embodiment, the invention provides isolated Apo-2 
polypeptide. In particular, the invention provides isolated native 
sequence Apo-2 polypeptide, which in one embodiment, includes an 
amino acid sequence comprising residues 1 to 411 of Figure 1 (SEQ 
ID N0:1) . In other embodiments, the isolated Apo-2 polypeptide 
comprises at least about 80% amino acid sequence identity with 
native sequence Apo-2 polypeptide comprising residues 1 to 411 of 
Figure 1 (SEQ ID NO:l) . Optionally, the Apo-2 polypeptide is 
obtained or obtainable by expressing the polypeptide encoded by the 
cDNA insert of the vector deposited as ATCC 209021. 

In another embodiment, the invention provides an 
isolated extracellular domain (ECD) sequence of Apo-2. Optionally, 
the isolated extracellular domain sequence comprises amino acid 
residues 54 to 182 of Fig. 1 (SEQ ID N0:1) . 

In another embodiment, the invention provides an 
isolated death domain sequence of Apo-2. Optionally, the isolated 
death domain sequence comprises amino acid residues 324 to 3 91 of 
Fig. 1 (SEQ ID NO:l) . 

In another embodiment, the invention provides chimeric 
molecules comprising Apo-2 polypeptide fused to a heterologous 
polypeptide or amino acid sequence. An example of such a chimeric 
molecule comprises an Apo-2 fused to an immunoglobulin sequence. 
Another example comprises an extracellular domain sequence of Apo-2 
fused to a heterologous polypeptide or amino acid sequence, such as 
an immunoglobulin sequence. 
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In another embodiment, the invention provides an 
isolated nucleic acid molecule encoding Apo-2 polypeptide. In one 
aspect, the nucleic acid molecule is RNA or DNA that encodes an 
Apo-2 polypeptide or a particular domain of Apo-2, or is 
complementary to such encoding nucleic acid sequence, and remains 
stably bound to" it under at least moderate, and optionally, under 
high stringency conditions. Such complementary nucleic acid may be 
fully complementary to the entire length of the RNA or DNA. It is 
contemplated that the complementary nucleic acid may also be 
complementary to only a fragment of the RNA or DNA nucleotide 
sequence. In one embodiment, the nucleic acid sequence is selected 
from: 

(a) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO: 2) that codes for residue 1 to residue 411 
(i.e., nucleotides 140-142 through 1370-1372), inclusive; 

(b) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO: 2) that codes for residue 1 to residue 182 
(i.e., nucleotides 140-142 through 683-685), inclusive; 

(c) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO:2) that codes for residue 54 to residue 182 
(i.e., nucleotides 299-301 through 683-685), inclusive; 

(d) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO:2) that codes for residue 324 to residue 391 
(i.e., nucleotides 1109-1111 through 1310-1312), inclusive; or 

(e) a sequence corresponding to the sequence of (a), 
(b) , (c) or (d) within the scope of degeneracy of the genetic code. 
The isolated nucleic acid may comprise the Apo-2 polypeptide cDNA 
insert of the vector deposited as ATCC 209021 which includes the 
nucleotide sequence encoding Apo-2 polypeptide. 

In a further embodiment, the invention provides a vector 
comprising the nucleic acid molecule encoding the Apo-2 polypeptide 
or particular domain of Apo-2. A host cell comprising the vector 
or the nucleic acid molecule is also provided. A method of 
producing Apo-2 is further provided. 

In another embodiment, the invention provides an 
antibody which specifically binds to. Apo-2. The antibody may be an 
agonistic, antagonistic or neutralizing antibody. Single-chain 
antibodies and dimeric molecules, in particular homodimeric 
molecules, comprising Apo-2 antibody are also provided. 



In another embodiment, the invention provides non-human, 
transgenic or knock-out animals. 

A further embodiment of the invention provides articles 
of manufacture and kits that include Apo-2 or Apo-2 antibodies. 

5 

" BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows the nucleotide sequence of a native 
sequence human Apo-2 cDNA (SEQ ID NO: 2) and its derived amino acid 
sequence (SEQ ID N0:1) . 
10 Figure 2A shows the derived amino acid sequence of a 

native sequence human Apo-2 - the putative signal sequence is 
underlined, the putative transmembrane domain is boxed, and the 
p putative death domain sequence is dash underlined. The cysteines 

3 of the two cysteine-rich domains are individually underlined. 

i fi 

f|] 15 Figure 2B shows an alignment and comparison of the death 

H 

r 



domain sequences of native sequence human Apo-2, DR4, Apo-3/DR3, 
TNFR1, and Fas/Apo-1 (CD95) . Asterisks indicate residues that are 
essential for death signaling by TNFR1 [Tartaglia et al . , supra] . 

Figure 3 shows the interaction of the Apo-2 ECD with 
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O 20 Apo-2L. Supernatants from mock- transfected 293 cells or from 293 

U cells transfected with Flag epitope -tagged Apo-2 ECD were incubated 

M 

M with poly-His-tagged Apo-2L and subjected to immunoprecipitation 

with anti-Flag conjugated or Nickel conjugated agarose beads. The 
precipitated proteins were resolved by electrophoresis on 

25 polyacrylamide gels, and detected by immunoblot with anti-Apo-2L or 
anti-Flag antibody. 

Figure 4 shows the induction of apoptosis by Apo-2 and 
inhibition of Apo-2L activity by soluble Apo-2 ECD. Human 293 
cells (A, B) or HeLa cells (C) were transfected by pRK5 vector or 

30 by pRK5-based plasmids encoding Apo-2 and/or CrmA. Apoptosis was 
assessed by morphology (A) , DNA fragmentation (B) , or by FACS (C- 
E) . Soluble Apo-2L was pre-incubated with buffer or affinity- 
purified Apo-2 ECD together with anti-Flag antibody or Apo-2 ECD 
immunoadhesin or DR4 or TNFR1 immunoadhesins and added to HeLa 

35 cells. The cells were later analyzed for apoptosis (D) . Dose- 
response analysis using Apo-2L with Apo-2 ECD immunoadhesin was 
also determined (E) . 

Figure 5 shows activation of NF-kB by Apo-2, DR4, and 
Apo-2L. (A) HeLa cells were transfected with expression plasmids 
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encoding the indicated proteins. Nuclear extracts were prepared 
and analyzed by an electrophoretic mobility shift assay. (B) HeLa 
cells or MCF7 cells were treated with buffer, Apo-2L or TNF-alpha 
and assayed for NF-kB activity. (C) HeLa cells were preincubated 
5 with buffer, ALLN or cyclohexamide before addition of Apo-2L. 
Apoptosis was later analyzed by FACS. 

Figure 6A shows expression of Apo-2 mRNA in human 
tissues as analyzed by Northern hybridization of human tissue poly 
A RNA blots . 

10 Figure 6B shows expression of Apo-2 mRNA in human cancer 

cell lines as analyzed by Northern hybridization of human cancer 
y cell line poly A RNA blots. 

5 Figure 7 shows the FACS analysis of an Apo-2 antibody, 

P. 

m 3F11.39.7 (illustrated by the bold lines) as compared to IgG 

^ 15 controls (dotted lines). The 3F11.39.7 antibody recognized the 

yp, Apo-2 receptor expressed in human 9D cells. 

*** Figure 8 is a graph showing percent (%) apoptosis 

y induced in 9D cells by Apo-2 antibody 3F11.39.7, in the absence of 

M goat anti -mouse IgG Fc. 

n\ 20 Figure 9 is a bar diagram showing percent (%) apoptosis, 

0 as compared to Apo-2L, in 9D cells by Apo-2 antibody 3F11.39.7 in 

the presence or absence of goat anti -mouse IgG Fc. 

Figure 10 is a bar diagram illustrating the ability of 
Apo-2 antibody 3F11.39.7 to block the apoptosis induced by Apo-2L 
25 in 9D cells. 

Figure 11 is a graph showing results of an ELISA testing 
binding of Apo-2 antibody 3F11.39.7 to Apo-2 and to other known 
Apo-2L receptors referred to as DR4 , DcRl, and DcR2. 

Figure 12A is a graph showing the results of an ELISA 
30 assay evaluating binding of the 16E2 antibody to Apo-2, DR4 , DcRl, 
DcR2 and CD4-Ig. 

Figure 12B is a graph showing the results of an ELISA 
assay evaluating binding of the 20E6 antibody to Apo-2, DR4, DcRl, 
DcR2 and CD4-Ig. 

3 5 Figure 12C is a graph showing the results of an ELISA 

assay evaluating binding of the 24C4 antibody to Apo-2, DR4, DcRl, 
DcR2 and CD4-Ig. 
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Figure 13A is a graph showing agonistic activity of the 
16E2 antibody, as compared to Apo-2L, in an apoptosis assay 
(crystal violet stain) using SK-MES-1 cells . 

Figure 13B is a bar diagram showing agonistic activity 
5 of the 16E2 antibody, as compared to 7D5 scFv antibody (an anti- 
tissue factor antibody) , in an apoptosis assay {crystal violet 
stain) using SK-MES-1 cells. 

Figure 13C is a bar diagram showing agonistic activity 
of the 16E2 antibody, as compared to 7D5 scFv antibody, in an 
10 apoptosis assay (annexin V-biotin/streptavidin- [S 35 ] ) using SK-MES- 
l cells. 

, . Figure 14A is a graph showing agonistic activity of the 

Q 20E6 antibody, as compared to Apo-2L, in an apoptosis assay 

H (crystal violet stain) using SK-MES-1 cells. 

fil * 5 Figure 14B is a graph showing agonistic activity of the 

20E6 antibody by a comparison between results obtained in the 
crystal violet and annexin V-biotin/streptavidin- [S 35 ] apoptosis 
assays. 

Figure 14C is a graph showing agonistic activity of gD- 
20 tagged 16E2 antibody, as compared to Apo-2L, in an apoptosis assay 
(crystal violet stain) using SK-MES-1 cells 

Figure ISA shows the nucleotide sequence of the single 
chain antibody (scFv) fragment referred to as 16E2 (SEQ ID NO: 6). 

Figure 15B shows the nucleotide sequence of the single 
25 chain antibody (scFv) fragment referred to as 20E6 (SEQ ID N0:7) . 

Figure 15C shows the nucleotide sequence of the single 
chain antibody (scFv) fragment referred to as 24C4 (SEQ ID N0:8) . 

Figure 16 shows the single chain antibody (scFv) 
fragments referred to as 16E2, 20E6 and 24C4, with the respective 
30 amino acid sequences for the signal sequence and the heavy and 
light chain CDR regions identified (CDR1, CDR2, and CDR3 regions 
are underlined) . 



35 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

I. Definitions 

The terms "Apo-2 polypeptide" and "Apo-2" when used 
herein encompass native sequence Apo-2 and Apo-2 variants (which 
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are further defined herein) . These terms encompass Apo-2 from a 
variety of mammals, including humans. The Apo-2 may be isolated 
from a variety of sources, such as from human tissue types or from 
another source, or prepared by recombinant or synthetic methods. 

A "native sequence Apo-2 11 comprises a polypeptide having 
the same amino" acid sequence as an Apo-2 derived from nature. 
Thus, a native sequence Apo-2 can have the amino acid sequence of 
naturally-occurring Apo-2 from any mammal. Such native sequence 
Apo-2 can be isolated from nature or can be produced by recombinant 
or synthetic means. The term "native sequence Apo-2" specifically 
encompasses naturally-occurring truncated or secreted forms of the 
Apo-2 (e.g., an extracellular domain sequence), naturally- occurring 
variant forms (e.g., alternatively spliced forms) and naturally- 
occurring allelic variants of the Apo-2. A naturally- occurring 
variant form of the Apo-2 includes an Apo-2 having an amino acid 
substitution at residue 410 in the amino acid sequence shown in 
Figure 1 (SEQ ID NO:l) . In one embodiment of such naturally- 
occurring variant form, the leucine residue at position 410 is 
substituted by a methionine residue. In Fig. 1 (SEQ ID NO:l), the 
amino acid residue at position 410 is identified as "Xaa" to 
indicate that the amino acid may, optionally, be either leucine or 
methionine. In Fig. 1 (SEQ ID N0:2), the nucleotide at position 
1367 is identified as "W" to indicate that the nucleotide may be 
either adenine (A) or thymine (T) or uracil (U) . In one embodiment 
of the invention, the native sequence Apo-2 is a mature or full- 
length native sequence Apo-2 comprising amino acids 1 to 411 of 
Fig. l (SEQ ID NO:l). Optionally, the Apo-2 is obtained or 
obtainable by expressing the polypeptide encoded by the cDNA insert 
of the vector deposited as ATCC 209021. 

The ,f Apo-2 extracellular domain" or "Apo-2 ECD " refers 
to a form of Apo-2 which is essentially free of the transmembrane 
and cytoplasmic domains of Apo-2. Ordinarily, Apo-2 ECD will have 
less than 1% of such transmembrane and/or cytoplasmic domains and 
preferably, will have less than 0.5% of such domains. Optionally, 
Apo-2 ECD will comprise amino acid residues 54 to 182 of Fig. 1 
(SEQ ID N0:1) or amino acid residues 1 to 182 of Fig. 1 (SEQ ID 
NO:l). Optionally, Apo-2 ECD will comprise one or more cysteine- 
rich domains, and preferably, one or both of the cysteine-rich 
domains identified herein (see Figure 2A) . It will be understood 
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by the skilled artisan that the transmembrane domain identified for 
the Apo-2 polypeptide herein is identified pursuant to criteria 
routinely employed in the art for identifying that type of 
hydrophobic domain. The exact boundaries of a transmembrane domain 
5 may vary but most likely by no more than about 5 amino acids at 
either end of the domain specifically mentioned herein. 

"Apo-2 variant" means ,a biologically active Apo-2 as 
defined below having at least about 80% amino acid sequence 
identity with the Apo-2 having the deduced amino acid sequence 
10 shown in Fig. 1 (SEQ ID NO:l) for a full-length native sequence 
human Apo-2 or the sequences identified herein for Apo-2 ECD or 
y. death domain. Such Apo-2 variants include, for instance, Apo-2 

g polypeptides wherein one or more amino acid residues are added, or 

deleted, at the N- or C- terminus of the sequence of Fig. 1 (SEQ ID 
15 NO:l) or the sequences identified herein for Apo-2 ECD or death 
yj domain. Ordinarily, an Apo-2 variant will have at least about 80% 

ffl amino acid sequence identity, more preferably at least about 90% 

^ amino acid sequence identity, and even more preferably at least 

M about 95% amino acid sequence identity with the amino acid sequence 

Jf. 20 of Fig. l (SEQ ID NO:l) or the sequences identified herein for Apo- 

£3 2 ECD or death domain. 

"Percent (%) amino acid sequence identity" with respect 
to the Apo-2 sequences identified herein is defined as the 
percentage of amino acid residues in a candidate sequence that are 
25 identical with the amino acid residues in the Apo-2 sequence, after 
aligning the sequences and introducing gaps, if necessary, to 
achieve the maximum percent sequence identity, and not considering 
any conservative substitutions as part of the sequence identity. 
Alignment for purposes of determining percent amino acid sequence 
30 identity can be achieved in various ways that are within the skill 
in the art, for instance, using publicly available computer 
software such as ALIGN™ or Megalign (DNASTAR) software. Those 
skilled in the art can determine appropriate parameters for 
measuring alignment, including any algorithms needed to achieve 
35 maximal alignment over the full length of the sequences being 
compared . 

The term "epitope tagged" when used herein refers to a 
chimeric polypeptide comprising Apo-2 or Apo-2 antibody, or a 
domain sequence thereof, fused to a "tag polypeptide". The tag 
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polypeptide has enough residues to provide an epitope against which 
an antibody can be made, yet is short enough such that it does not 
interfere with activity of the Apo-2 or Apo-2 antibody. The tag 
polypeptide preferably also is fairly unique so that the antibody 
does not substantially cross-react with other epitopes. Suitable 
tag polypeptides generally have at least six amino acid residues 
and usually between about 8 to. about 50 amino acid residues 
(preferably, between about 10 to about 20 residues) . 

"Isolated," when used to describe the various 
polypeptides disclosed herein, means polypeptide that has been 
identified and separated and/or recovered from a component of its 
natural environment. Contaminant components of its natural 
environment are materials that would typically interfere with 
diagnostic or therapeutic uses for the polypeptide, and may include 
enzymes, hormones, and other proteinaceous or non-proteinaceous 
solutes. In preferred embodiments, the polypeptide will be 
purified (1) to a degree sufficient to obtain at least 15 residues 
of N- terminal or internal amino acid sequence by use of a spinning 
cup sequenator, or (2) to homogeneity by SDS-PAGE under non- 
reducing or reducing conditions using Coomassie blue or, 
preferably, silver stain. Isolated polypeptide includes 

polypeptide in situ within recombinant cells, since at least one 
component of the Apo-2 natural environment will not be present. 
Ordinarily, however, isolated polypeptide will be prepared by at 
least one purification step. 

An "isolated" Apo-2 nucleic acid molecule is a nucleic 
acid molecule that is identified and separated from at least one 
contaminant nucleic acid molecule with which it is ordinarily 
associated in the natural source of the Apo-2 nucleic acid. An 
isolated Apo-2 nucleic acid molecule is other than in the form or 
setting in which it is found in nature. Isolated Apo-2 nucleic 
acid molecules therefore are distinguished from the Apo-2 nucleic 
acid molecule as it exists in natural cells. However, an isolated 
Apo-2 nucleic acid molecule includes Apo-2 nucleic acid molecules 
contained in cells that ordinarily express Apo-2 where, for 
example, the nucleic acid molecule is in a chromosomal location 
different from that of natural cells. 

The term "control sequences" refers to DNA sequences 
necessary for the expression of an operably linked coding sequence 
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in a particular host organism. The control sequences that are 
suitable for prokaryotes, for example, include a promoter, 
optionally an operator sequence, and a ribosome r binding site. 
Eukaryotic cells are known to utilize promoters, polyadenylation 
signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into 
a functional relationship with another nucleic acid sequence. For 
example, DNA for a presequence or secretory leader is operably 
linked to DNA for a polypeptide if it is expressed as a preprotein 
that participates in the secretion of the polypeptide; a promoter 
or enhancer is operably linked to a coding sequence if it affects 
the transcription of the sequence; or a ribosome binding site is 
operably linked to a coding sequence if it is positioned so as to 
facilitate translation. Generally, "operably linked" means that 
the DNA sequences being linked are contiguous, and, in the case of 
a secretory leader, contiguous and in reading phase. However, 
enhancers do not have to be contiguous. Linking is accomplished by 
ligation at convenient restriction sites. If such sites do not 
exist, the synthetic oligonucleotide adaptors or linkers are used 
in accordance with conventional practice. 

The term "antibody" is used in the broadest sense and 
specifically covers anti-Apo-2 monoclonal antibodies (including 
agonist, antagonist, and blocking or neutralizing antibodies) and 
anti-Apo-2 antibody compositions with polyepitopic specificity. 

The term "monoclonal antibody" as used herein refers to 
an antibody obtained from a population of substantially homogeneous 
antibodies, i.e., the individual antibodies comprising the 
population are identical except for possible naturally-occurring 
mutations that may be present in minor amounts. Monoclonal 
antibodies are highly specific, being directed against a single 
antigenic site. Furthermore, • in contrast to conventional 

(polyclonal) antibody preparations which typically include 
different antibodies directed against different determinants 
(epitopes) , each monoclonal antibody is directed against a single 
determinant on the antigen. 

The monoclonal antibodies herein include hybrid and 
recombinant antibodies produced by splicing a variable (including 
hype rvari able) domain of an anti-Apo-2 antibody with a constant 
domain, or a light chain with a heavy chain, or a chain from one 
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species with a chain from another species, or fusions with 
heterologous proteins, regardless of species of origin or 
immunoglobulin class or subclass designation, as well as antibody 
fragments (e.g., Fab, F(ab') 2 , and Fv) , so long as they exhibit the 
desired biological activity. See, e.g. U.S. Pat. No. 4,816,567 and 
Mage et al.', in Monoclonal Antibody Production Techniques and 
Applications, pp. 79-97 {Marcel Dekker, Inc.: New York, 1987), 

Thus, the modifier "monoclonal" indicates the character 
of the antibody as being obtained from a substantially homogeneous 
population of antibodies, and is not to be construed as requiring 
production of the antibody by any particular method. For example, 
the monoclonal antibodies to be used in accordance with the present 
invention may be made by the hybridoma method first described by 
Kohler and Milstein, Nature , 256:495 (1975), or may be made by 
recombinant DNA methods such as described in U.S. Pat. No. 
4,816,567. The "monoclonal antibodies" may also be isolated from 
phage libraries generated using the techniques described in 
McCaf ferty et al., Nature, 348:552-554 (1990), for example. 

"Single-chain Fv" or "scFv" antibody fragments comprise 
the V H and V L domains of antibody, wherein these domains are 
present in a single polypeptide chain. Generally, the Fv 
polypeptide further comprises a polypeptide linker between the V H 
and V L domains which enables the scFv to form the desired 
structure for antigen binding. For a review of scFv see, e.g., 
Pluckthun, The Pharmacology of Monoclonal Antibodies , vol. 113, 
Rosenburg and Moore eds. Springer- Verlag, New York, pp. 269-315 
(1994) . The scFv antibody fragments of the present invention 
include but are not limited to the 16E2, 20E6 and 24C4 antibodies 
described in detail below. Within the scope of the scFv 
antibodies of the invention are scFv antibodies comprising VH and 
VL domains that include one or more of the CDR regions identified 
for the 16E2, 20E6 and 24C4 antibodies. 

"Humanized" forms of non-human (e.g. murine) antibodies 
are specific chimeric immunoglobulins, immunoglobulin chains, or 
fragments thereof (such as Fv, Fab, Fab 1 , F(ab') 2 or other antigen- 
binding subsequences of antibodies) which contain minimal sequence 
derived from non-human immunoglobulin. For the most part, 
humanized antibodies are human immunoglobulins (recipient antibody) 
in which residues from a complementary determining region (CDR) of 
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the recipient are replaced by residues from a CDR of a non-human 
species (donor antibody) such as mouse, rat, or rabbit having the 
desired specificity, affinity, and capacity. In some instances, Fv 
framework region (FR) residues of the human immunoglobulin are 
replaced by corresponding non-human residues. Furthermore, the 
humanized antibody may comprise residues which are found neither in 
the recipient antibody nor in the imported CDR or framework 
sequences. These modifications are made to further refine and 
optimize antibody performance. In general, the humanized antibody 
will comprise substantially all of at least one, and typically two, 
variable domains, in which all or substantially all of the cdr 
regions correspond to those of a non-human immunoglobulin and all 
or substantially all of the FR regions are those of a human 
immunoglobulin consensus sequence. The humanized antibody 
optimally also will comprise at least a portion of an 
immunoglobulin constant region or domain (Fc) , typically that of a 
human immunoglobulin. 

"Biologically active" and "desired biological activity" 
for the purposes herein means (1) having the ability to modulate 
apoptosis (either in an agonistic or stimulating manner or in an 
antagonistic or blocking manner) in at least one type of mammalian 
cell in vivo or ex vivo; (2) having the ability to bind Apo-2 
ligand; or (3) having the ability to modulate Apo-2 ligand 
signaling and Apo-2 ligand activity. 

The terms "apoptosis" and "apoptotic activity" are used 
in a broad sense and refer to the orderly or controlled form of 
cell death in mammals that is typically accompanied by one or more 
characteristic cell changes, including condensation of cytoplasm, 
loss of plasma membrane microvilli, segmentation of the nucleus, 
degradation of chromosomal DNA or loss of mitochondrial function. 
This activity can be determined and measured, for instance, by cell 
viability assays, FACS analysis or DNA electrophoresis, all of 
which are known in the art. 

The terms "treating," "treatment," and "therapy" as used 
herein refer to curative therapy, prophylactic therapy, and 
preventative therapy. 

The terms "cancer" and "cancerous" refer to or describe 
the physiological condition in mammals that is typically 
Characterized by unregulated cell growth. Examples of cancer 
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include but are not limited to, carcinoma, lymphoma, blastoma, 
sarcoma, and leukemia. More particular examples of such cancers 
include squamous cell cancer, small-cell lung cancer, non-small 
cell lung cancer, blastoma, gastrointestinal cancer, renal cancer, 
5 pancreatic cancer, glioblastoma, neuroblastoma, cervical Cancer, 
ovarian cancer, liver cancer, stomach cancer, bladder cancer, 
hepatoma, breast cancer, colon cancer, colorectal cancer, 
endometrial carcinoma, salivary gland carcinoma, kidney cancer, 
liver cancer, prostate cancer, vulval cancer, thyroid cancer, 
10 hepatic carcinoma and various types of head and neck cancer. 

The term "mammal" as used herein refers to any mammal 
=4 classified as a mammal, including humans, cows, horses, dogs and 

cats. In a preferred embodiment of the invention, the mammal is a 
human . 

15 

yj II. Compositions and Methods of the Invention 

^ The present invention provides newly identified and 

;U isolated Apo-2 polypeptides and Apo-2 antibodies. In particular, 

Applicants have identified and isolated various human Apo-2 
m 20 polypeptides. The properties and characteristics of some of these 

W Apo-2 polypeptides and anti-Apo-2 antibodies are described in 

further detail in the Examples below. Based upon the properties 
and characteristics of the Apo-2 polypeptides disclosed herein, it 
is Applicants* present belief that Apo-2 is a member of the TNFR 
25 family. 

A description follows as to how Apo-2, as well as Apo-2 
chimeric molecules and anti-Apo-2 antibodies, may be prepared. 

A. Preparation of Apo-2 

30 The description below relates primarily to production of 

Apo-2 by culturing cells transformed or transfected with a vector 
containing Apo-2 nucleic acid. It is of course, contemplated that 
alternative methods, which are well known in the art, may be 
employed to prepare Apo-2. 

35 1. Isolation of DNA Encoding Apo-2 

The DNA encoding Apo-2 may be obtained from any cDNA 
library prepared from tissue believed to possess the Apo-2 mRNA and 
to express it at a detectable level. Accordingly, human Apo-2 DNA 
can be conveniently obtained from a cDNA library prepared from 
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human tissues, such as the bacteriophage libraries of human 
pancreas and kidney cDNA described in Example 1. The Apo-2- 
encoding gene may also be obtained from a genomic library or by 
oligonucleotide synthesis. 

Libraries can be screened with probes (such as 
antibodies to the Apo-2 or oligonucleotides of at least about 20-80 
bases) designed to identify the gene of interest or the protein 
encoded by it. Screening the cDNA or* genomic library with the 
selected probe may be conducted using standard procedures, such as 
described in Sambrook et al., Molecular Cloning: A Laboratory 
Manual (New York: Cold Spring Harbor Laboratory Press, 1989). An 
alternative means to isolate the gene encoding Apo-2 is to use PCR 
methodology [Sambrook et al., supra ; Dieffenbach et al., PCR 
Primer : A Laboratory Manual (Cold Spring Harbor Laboratory Press, 
1995) ] . 

A preferred method of screening employs selected 
oligonucleotide sequences to screen cDNA libraries from various 
human tissues. Example 1 below describes techniques for screening 
a cDNA library. The oligonucleotide sequences selected as probes 
should be of sufficient length and sufficiently unambiguous that 
false positives are minimized. The oligonucleotide is preferably 
labeled such that it can be detected upon hybridization to DNA in 
the library being screened. Methods of labeling are well known in 
the art, and include the use of radiolabels like 32 P-labeled ATP, 
biotinylation or enzyme labeling. Hybridization conditions, 
including moderate stringency and high stringency, are provided in 
Sambrook et al., supra . 

Nucleic acid having all the protein coding sequence may 
be obtained by screening selected cDNA or genomic libraries using 
the deduced amino acid sequence disclosed herein for the first 
time, and, if necessary, using t conventional primer extension 
procedures as described in Sambrook et al. # supra , to detect 
precursors and processing intermediates of mRNA that may not have 
been reverse- transcribed into cDNA. 

Apo-2 variants can be prepared by introducing 
appropriate nucleotide changes into the Apo-2 DNA, or by synthesis 
of the desired Apo-2 polypeptide. Those skilled in the art will 
appreciate that amino acid changes may alter post-translational 
processes of the Apo-2, such as changing the number or position of 
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glycosylation sites or altering the membrane anchoring 
characteristics. 

Variations in the native full-length sequence Apo-2 or 
in various domains of the Apo-2 described herein, can be made, for 
example, using any of the techniques and guidelines for 
conservative &hd non- conservative mutations set forth, for 
instance, in U.S. Pat. No. 5,364,934. Variations may be a 
substitution, deletion or insertion of one or more codons encoding 
the Apo-2 that results in a change in the amino acid sequence of 
the Apo-2 as compared with the native sequence Apo-2. Optionally 
the variation is by substitution of at least one amino acid with 
any other amino acid in one or more of the domains of the Apo-2 
molecule. The variations can be made using methods known in the 
art such as oligonucleotide-mediated (site-directed) mutagenesis, 
alanine scanning, and PCR mutagenesis. Site-directed mutagenesis 
[Carter et al., Nucl, Acids Res. , 13:4331 (1986); Zoller et al., 
Nucl. Acids Res. , 10:6487 (1987)], cassette mutagenesis [Wells et 
a l-/ Gene , 34:315 (1985)], restriction selection mutagenesis [Wells 
et al., Philos. Trans. R. Soc. London SerA , 317:415 (1986)] or 
other known techniques can be performed on the cloned dna to 
produce the Apo-2 variant DNA. 

Scanning amino acid analysis can also be employed to 
identify one or more amino acids along a contiguous sequence which 
are involved in the interaction with a particular ligand or 
receptor. Among the preferred scanning amino acids are relatively 
small, neutral amino acids. Such amino acids include alanine, 
glycine, serine, and cysteine. Alanine is the preferred scanning 
amino acid among this group because it eliminates the side-chain 
beyond the beta-carbon and is less likely to alter the main-chain 
conformation of the variant. Alanine is also preferred because it 
is the most common amino acid. Further, it is frequently found in 
both buried and exposed positions [Creighton, The Proteins . (W.H. 
Freeman & Co., N.Y.); Chothia, J. MoT. Biol. , 150:1 (1976)]. If 
alanine substitution does not yield adequate amounts of variant, an 
isoteric amino acid can be used. 

Once selected Apo-2 variants are produced, they can be 
contacted with, for instance, Apo-2L, and the interaction, if any, 
can be determined. The interaction between the Apo-2 variant and 
Apo-2L can be measured by an in vitro assay, such as described in 
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the Examples below. While any number of analytical measurements 
can be used to compare activities and properties between a native 
sequence Apo-2 and an Apo-2 variant, a convenient one for binding 
is the dissociation constant Ka of the complex formed between the 
Apo-2 variant and Apo-2L as compared to the for the native 
sequence Ap6"-2r Generally, a > 3-fold increase or decrease in Kd 
per substituted residue indicates that the substituted residue (s) 
is active in the interaction of the native sequence Apo-2 with the 
Apo-2L. 

Optionally, representative sites in the Apo-2 sequence 
suitable for mutagenesis would include sites within the 
extracellular domain, and particularly, within one or both of the 
cysteine-rich domains. Such variations can be accomplished using 
the methods described above. 

2 . Insertion of Nucleic Acid into A Replicable Vector 

The nucleic acid (e.g., cDNA or genomic DNA) encoding 
Apo-2 may be inserted into a replicable vector for further cloning 
(amplification of the DNA) or for expression. Various vectors are 
publicly available. The vector components generally include, but 
are not limited to, one or more of the following: a signal 
sequence, an origin of replication, one or more marker genes, an 
enhancer element, a promoter, and a transcription termination 
sequence, each of which is described below. 

(i) Signal Sequence Component 

The Apo-2 may be produced recombinant ly not only 
directly, but also as a fusion polypeptide with a heterologous 
polypeptide, which may be a signal sequence or other polypeptide 
having a specific cleavage site at the N-terminus of the mature 
protein or polypeptide. In general, the signal sequence may be a 
component of the vector, or it may be a part of the Apo-2 DNA that 
is inserted into the vector. The heterologous signal sequence 
selected preferably is one that is recognized and processed (i.e., 
cleaved by a signal peptidase) by the host cell. The signal 
sequence may be a prokaryotic signal sequence selected, for 
example, from the group of the alkaline phosphatase, penicillinase, 
Ipp, or heat-stable enterotoxin II leaders. For yeast secretion 
the signal sequence may be, e.g., the yeast invertase leader, alpha 
factor leader (including Saccharomyces and Kluyveromyces a- factor 
leaders, the latter described in U.S. Pat. No. 5,010,182), or acid 
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phosphatase leader, the C. albicans glucoamylase leader (EP 362,179 
published 4 April 1990), or the signal described in WO 90/13646 
published 15 November 1990. In mammalian cell expression the 
native Apo-2 presequence that normally directs insertion of Apo-2 
in the cell membrane of human cells in vivo is satisfactory, 
although other' mammalian signal sequences may be used to direct 
secretion of the protein, such as signal sequences from secreted 
polypeptides of the same or related species, as well as viral 
secretory leaders, for example, the herpes simplex glycoprotein D 
signal. 

The DNA for such precursor region is preferably ligated 
in reading frame to DNA encoding Apo-2. 

(ii) Origin of Replication Component 

Both expression and cloning vectors contain a nucleic 
acid sequence that enables the vector to replicate in one or more 
selected host cells. Generally, in cloning vectors this sequence 
is one that enables the vector to replicate independently of the 
host chromosomal DNA, and includes origins of replication or 
autonomously replicating sequences. Such sequences are well known 
for a variety of bacteria, yeast, and viruses. The origin of 
replication from the plasmid pBR322 is suitable for most Gram- 
negative bacteria, the 2|x plasmid origin is suitable for yeast, and 
various viral origins (SV40, polyoma, adenovirus, VSV or BPV) are 
useful for cloning vectors in mammalian cells. Generally, the 
origin of replication component is not needed for mammalian 
expression vectors (the SV40 origin may typically be used because 
it contains the early promoter) . 

Most expression vectors are "shuttle" vectors, i.e., 
they are capable of replication in at least one class of organisms 
but can be transfected into another organism for expression. For 
example, a vector is cloned in E. coli and then the same vector is 
transfected into yeast or mammalian cells for expression even 
though it is not capable of replicating independently of the host 
cell chromosome. 

DNA may also be amplified by insertion into the host 
genome. This is readily accomplished using Bacillus species as 
hosts, for example, by including in the vector a DNA sequence that 
is complementary to a sequence found in Bacillus genomic DNA. 
Transfection of Bacillus with this vector results in homologous 
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recombination with the genome and insertion of Apo-2 DNA. However, 
the recovery of genomic DNA encoding Apo-2 is more complex than 
that of an exogenously replicated vector because restriction enzyme 
digestion is required to excise the Apo-2 DNA. 
5 (iii) Selection Gene Component 

Expression and cloning vectors typically contain a 
selection gene, also termed a selectable marker. This gene encodes 
a protein necessary for the survival or 'growth of transformed host 
cells grown in a selective culture medium. Host cells not 
10 transformed with the vector containing the selection gene will not 
survive in the culture medium. Typical selection genes encode 
proteins that (a) confer resistance to antibiotics or other toxins, 
e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) 
complement auxotrophic deficiencies, or (c) supply critical 
15 nutrients not available from complex media, e.g., the gene encoding 
D- alanine racemase for Bacilli. 

One example of a selection scheme utilizes a drug to 
arrest growth of a host cell. Those cells that are successfully 
transformed with a heterologous gene produce a protein conferring 
20 " drug resistance and thus survive the selection regimen. Examples 
of such dominant selection use the drugs neomycin [Southern et al., 
J. Molec. AppI. Genet. , 1:327 (1982)], mycophenolic acid (Mulligan 
et al., Science , 209:1422 (1980)] or hygromycin [Sugden et al., 
Mol. Cell. Biol. , 5:410-413 (1985)]. The three examples given 
25 above employ bacterial genes under eukaryotic control to convey 
resistance to the appropriate drug G418 or neomycin (genet icin) , 
xgpt (mycophenolic acid) , or hygromycin, respectively. 

Another example of suitable selectable markers for 
mammalian cells are those that enable the identification of cells 
30 competent to take up the Apo-2 nucleic acid, such as DHFR or 
thymidine kinase. The mammalian- cell transformants are placed 
under selection pressure that only the transformants are uniquely 
adapted to survive by virtue of having taken up the marker. 
Selection pressure is imposed by culturing the transformants under 
35 conditions in which the concentration of selection agent in the 
medium is successively changed, thereby leading to amplification of 
both the selection gene and the DNA that encodes Apo-2. 
Amplification is the process by which genes in greater demand for 
the production of a protein critical for growth are reiterated in 
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tandem within the chromosomes of successive generations of 
recombinant cells. Increased quantities of Apo-2 are synthesized 
from the amplified DNA, Other examples of amplifiable genes 
include metallothionein-I and -II, adenosine deaminase, and 
5 ornithine decarboxylase. 

Cell§ transformed with the DHFR selection gene may first 
be identified by culturing all of the transformants in a culture 
medium that contains methotrexate (Mtx) \ a competitive antagonist 
of DHFR. An appropriate host cell when wild- type DHFR is employed 
10 is the Chinese hamster ovary (CHO) cell line deficient in DHFR 
activity, prepared and propagated as described by Urlaub et al. # 
Proc. Natl. Acad. Sci. USA , 77:4216 (1980). The transformed cells 
S. are then exposed to increased levels of methotrexate. This leads 

r5 to the synthesis of multiple copies of the DHFR gene, and, 

IU 15 concomitantly, multiple copies of other DNA comprising the 

SJ" 

expression vectors, such as the DNA encoding Apo-2. This 

Vf 

\M amplification technique can be used with any otherwise suitable 

host, e.g., ATCC No. CCL61 CHO-K1, notwithstanding the presence of 

M endogenous DHFR if, for example, a mutant DHFR gene that is highly 

B 

20 resistant to Mtx is employed (EP 117,060). 
p Alternatively, host cells (particularly wild-type hosts 

that contain endogenous DHFR) transformed or co- transformed with 
DNA sequences encoding Apo-2, wild-type DHFR protein, and another 
selectable marker such as aminoglycoside 3 ' -phosphotransferase 
25 (APH) can be selected by cell growth in medium containing a 
selection agent for the selectable marker such as an 
aminoglycosidic antibiotic, e.g., kanamycin, neomycin, or G418. 
See U.S. Patent No. 4,965,199. 

A suitable selection gene for use in yeast is the tipl 
30 gene present in the yeast plasmid YRp7 [Stinchcomb et al., Nature, 
282 :39 (1979); Kingsman et al., Gene , 7:141 (1979); Tschemper et 
al., Gene , 10:157 (1980)]. The trpl gene provides a selection 
marker for a mutant strain of yeast lacking the ability to grow in 
tryptophan, for example, ATCC No. 44076 or PEP4-1 [Jones, Genetics , 
35 85:12 (1977)). The presence of the trpl lesion in the yeast host 
cell genome then provides an effective environment for detecting 
transformation by growth in the absence of tryptophan. Similarly, 
Leu2 -deficient yeast strains (ATCC 20,622 or 38,626) are 
complemented by known plasmids bearing the Leu2 gene. 
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In addition, vectors derived from the 1.6 fim circular 
plasmid pKDl can be used for transformation of Kluyveromyces yeasts 
[Bianchi et al. f Curr. Genets 12:185 (1987)]. More recently, an 
expression system for large-scale production of recombinant calf 
chymosin was reported for K. lactis [Van den Berg, Bio/Technology , 
8:135 (1990)]. Stable multi-copy expression vectors for secretion 
of mature recombinant human serum t albumin by industrial strains of 
ittuyvero/nyces have also been disclosed [Fleer et al., 
Bio/Technology , 9:968-975 (1991)]. 

(iv) Promoter Component 

Expression and cloning vectors usually contain a 
promoter that is recognized by the host organism and is operably 
linked to the Apo-2 nucleic acid sequence. Promoters are 
untranslated sequences located upstream (5<) to the start codon of 
a structural gene (generally within about 100 to 1000 bp) that 
control the transcription and translation of particular nucleic 
acid sequence, such as the Apo-2 nucleic acid sequence, to which 
they are operably linked. Such promoters typically fall into two 
classes, inducible and constitutive. Inducible promoters are 
promoters that initiate increased levels of transcription from DNA 
under their control in response to some change in culture 
conditions, e.g., the presence or absence of a nutrient or a change 
in temperature. At this time a large number of promoters 
recognized by a variety of potential host cells are well known. 
These promoters are operably linked to Apo-2 encoding DNA by 
removing the promoter from the source DNA by restriction enzyme 
digestion and inserting the isolated promoter sequence into the 
vector. Both the native Apo-2 promoter sequence and many 
heterologous promoters may be used to direct amplification and/or 
expression of the Apo-2 DNA. 

Promoters suitable for use with prokaryotic hosts 
include the P- lactamase and lactose promoter systems [Chang et al., 
Nature , 275:615 (1978); Goeddel et al., Nature, 281:544 (1979)], 
alkaline phosphatase, a tryptophan (trp) promoter system [Goeddel, 
Nucleic Acids Res. , 8:4057 (1980); EP 36,776], and hybrid promoters 
such as the tac promoter [deBoer et al. r Proc. Natl . Acad. Sci . 
USA , 80:21-25 (1983)]. However, other known bacterial promoters 
are suitable. Their nucleotide sequences have been published, 
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thereby enabling a skilled worker operably to ligate them to DNA 
encoding Apo-2 [Siebenlist et al., Cell , 20:269 (1980)] using 
linkers or adaptors to supply any required restriction sites. 
Promoters for use in bacterial systems also will contain a Shine- 
5 Dalgarno (S.D.) sequence operably linked to the DNA encoding Apo-2. 

Promoter sequences are known for eukaryotes. Virtually 
all eukaryotic genes have an AT-rich region located approximately 
25 to 30 bases upstream from the site where transcription is 
initiated. Another sequence found 70 to 80 bases upstream from the 
10 start of transcription of many genes is a CXCAAT region where X may 
be any nucleotide. At the 3 1 end of most eukaryotic genes is an 
AATAAA sequence that may be the signal for addition of the poly A 



2 tail to the 3 f end of the coding sequence. All of these sequences 

iff are suitably inserted into eukaryotic expression vectors. 

Iy . 15 Examples of suitable promoting sequences for use with 

;fj yeast hosts include the promoters for 3-phosphoglycerate kinase 

65- [Hitzeman et al., J. Biol. Chem. , 255:2073 (1980)] or other 

y. glycolytic enzymes [Hess et al., J. Adv. Enzyme Reg. , 7:149 (1968); 

M Holland, Biochemistry , 17:4900 (1978)], such as enolase, 



20 glyceraldehyde-3-pho^)hate dehydrogenase, hexokinase, pyruvate 
decarboxylase, . phosphofructokinase, glucose -6 -phosphate isomerase, 
3-phosphoglycerate mutase, pyruvate kinase, triosephosphate 
isomerase, phosphoglucose isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters 

25 having the additional advantage of transcription controlled by 
growth conditions, are the promoter regions for alcohol 
dehydrogenase 2, isocytochrome C, acid phosphatase, degradative 
enzymes associated with nitrogen metabolism, metallothionein, 
glyceraldehyde- 3 -phosphate dehydrogenase, and enzymes responsible 

30 for maltose and galactose utilization. Suitable vectors and 
promoters for use in yeast expression are further described in EP 
73,657. Yeast enhancers also are advantageously used with yeast 
promoters . 

Apo-2 transcription from vectors in mammalian host cells 
35 is controlled, for example, by promoters obtained from the genomes 
of viruses such as polyoma virus, fowlpox virus (UK 2,211,504 
published 5 July 1989), adenovirus (such as Adenovirus 2), bovine 
papilloma virus, avian sarcoma virus, cytomegalovirus, a 
retrovirus, hepatitis-B virus and most preferably Simian Virus 40 
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(SV40) , from heterologous mammalian promoters, e.g., the actin 
promoter or an immunoglobulin promoter, from heat -shock promoters, 
and from the promoter normally associated with the Apo-2 sequence, 
provided such promoters are compatible with the host cell systems. 
5 The early and late promoters of the SV40 virus are 

conveniently* obtained as an SV40 restriction fragment that also 
contains the SV40 viral origin of replication [Fiers et al. f 
Nature , 273:113 (1978); Mulligan and Berg, Science , 209:1422-1427 
(1980); Pavlakis et al,, Proc. Natl. Acad, Sci, USA , 78:7398-7402 
10 (1981)]. The immediate early promoter of the human cytomegalovirus 
is conveniently obtained as a Hindlll E restriction fragment 
[Greenaway et al., Gene , 18:355-360 (1982)]. A system for 
expressing DNA in mammalian hosts using the bovine papilloma virus 
IH as a vector is disclosed in U.S. Patent No. 4,419,446. A 



15 modification of this system is described in U.S. Patent No. 

Hi 

,H 4,601,978 [See also Gray et al., Nature, 295:503-508 (1982) on 

SB expressing cDNA encoding immune interferon in monkey cells; Reyes 

5 

y, et al., Nature , 297 :598-601 (1982) on expression of human (3- 

2 interferon cDNA in mouse cells under the control of a thymidine 

nj 20 kinase promoter from herpes simplex virus; Canaani and Berg, Proc . 

Natl. Acad, sci. USA 79:5166-5170 (1982) on expression of the human 
interferon gene in cultured mouse and rabbit cells; and Gorman et 
al., Proc. Natl. Acad. Sci. USA , 79:6777-6781 (1982) on expression 
of bacterial CAT sequences in CV-i monkey kidney cells, chicken 
25 embryo fibroblasts, Chinese hamster ovary cells, HeLa cells, and 
mouse NIH-3T3 cells using the Rous sarcoma virus long terminal 
repeat as a promoter] . 

(v) Enhancer Element Component 
Transcription of a DNA encoding the Apo-2 of this 
30 invention by higher eukaryotes may be increased by inserting an 
enhancer sequence into the vector. Enhancers are cis-acting 
elements of DNA, usually about from 10 to 300 bp, that act on a 
promoter to increase its transcription. Enhancers are relatively 
orientation and position independent, having been found 5* [Laimins 
35 et al., Proc. Natl. Acad. Sci. USA , 78:993 (1981]) and 3' [Lusky et 
al., Mol. Cell Bio. , 3:1108 (1983]) to the transcription unit, 
within an intron [Banerji et al., Cell , 33:729 (1983)], as well as 
within the coding sequence itself [Osborne et al., Mol. Cell Bio. , 
4:1293 (1984)]. Many enhancer sequences are now known from 
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mammalian genes (globin, elastase, albumin, a-fetoprotein, and 
insulin) . Typically, however, one will use an enhancer from a 
eukaryotic cell virus. Examples include the SV40 enhancer on the 
late side of the replication origin (bp 100-270), the 
cytomegalovirus early promoter enhancer, the polyoma enhancer on 
the late side of the replication origin, and adenovirus enhancers. 
See also Yaniv, Nature , 297:17-18 (1982) on enhancing elements for 
activation of eukaryotic promoters. The enhancer may be spliced 
into the vector at a position 5' or 3' to the Apo-2 coding 
sequence, but is preferably located at a site 5' from the promoter. 

(vi) Transcription Termination Component 
Expression vectors used in eukaryotic host cells (yeast, 

fungi, insect, plant, animal, human, or nucleated cells from other 
multicellular organisms) will also contain sequences necessary for 
the termination of transcription and for stabilizing the mRNA. 
Such sequences are commonly available from the 5' and, occasionally 
3', untranslated regions of eukaryotic or viral DNAs or cDNAs. 
These regions contain nucleotide segments transcribed as 
polyadenylated fragments in the untranslated portion of the mRNA 
encoding Apo-2. 

(vii) Construction and Analysis of Vectors 
Construction of suitable vectors containing one or more 

of the above- listed components employs standard ligation 
techniques. Isolated plasmids or DNA fragments are cleaved, 
tailored, and re-ligated in the form desired to generate the 
plasmids required. 

For analysis to confirm correct sequences in plasmids 
constructed, the ligation mixtures can be used to transform B. coli 
K12 strain 294 (ATCC 31,446) and successful trans forroants selected 
by ampicillin or tetracycline resistance where appropriate. 
Plasmids from the transformants are prepared, analyzed by 
restriction endonuclease digestion, and/or sequenced by the method 
of Messing et al., Nucleic Acids Res . , 9:309 (1981) or by the 
method of Maxim et al., Methods in Enzvmoloqy , 65:499 (1980) . 

(viii) Transient Expression Vectors 

Expression vectors that provide for the transient 
expression in mammalian cells of DNA encoding Apo-2 may be 
employed. In general, transient expression involves the use of an 
expression vector that is able to replicate efficiently in a host 
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cell, such that the host cell accumulates many copies of the 
expression vector and, in turn, synthesizes high levels of a 
desired polypeptide encoded by the expression vector [Sambrook et 
al., supra]. Transient expression systems, comprising a suitable 
expression vector and a host cell, allow for the convenient 
positive identification of polypeptides encoded by cloned DNAs, as 
well as for the rapid screening of such polypeptides for desired 
biological or physiological properties. 'Thus, transient expression 
systems are particularly useful in the invention for purposes of 
identifying Apo-2 variants. 

(ix) Suitable Exemplary Vertebrate Cell Vectors 
Other methods, vectors, and host cells suitable for 
adaptation to the synthesis of Apo-2 in recombinant vertebrate cell 
culture are described in Gething et al., Nature, 293:620-625 
(1981); Mantei et al., Nature , 281:40-46 (1979); EP 117,060; and EP 
117,058. 

3 . Selection and Transformation of Host Cells 

Suitable host cells for cloning or expressing the DNA in 
the vectors herein are the prokaryote, yeast, or higher eukaryote 
cells described above. Suitable prokaryotes for this purpose 
include but are not limited to eubacteria, such as Gram-negative or 
Gram-positive organisms, for example, Enterobacteriaceae such as 
Escherichia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella, 
Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., 
Serratia marcescans, and Shigella, as well as Bacilli such as B . 
subtilis and B. licheniformis (e.g., B. licheniformis 41P disclosed 
in DD 266,710 published 12 April 1989), Pseudomonas such as P. 
aeruginosa, and Streptomyces. Preferably, the host cell should 
secrete minimal amounts of proteolytic enzymes. 

In addition to prokaryotes, eukaryotic microbes such as 
filamentous fungi or yeast are suitable cloning or expression hosts 
for Apo-2 -encoding vectors, Saccharomyces cerevisiae, or common 
baker's yeast, is the most commonly used among lower eukaryotic 
host microorganisms. However, a number of other genera, species, 
and strains are commonly available and useful herein. 

Suitable host cells for the expression of glycosylated 
Apo-2 are derived from multicellular organisms. Such host cells 
are capable of complex processing and glycosylation activities. In 
principle, any higher eukaryotic cell culture is workable, whether 
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from vertebrate or invertebrate culture. Examples of invertebrate 
cells include plant and insect cells. Numerous baculoviral strains 
and variants and corresponding permissive insect host cells from 
hosts such as Spodoptera frugiperda (caterpillar) , Aedes aegyptx 
5 (mosquito) , Aedes albopictus (mosquito) , Drosophila melanogaster 
(fruitfly), and Bombyx mori have been identified [See, e.g., Luckow 
et al., Bio/Technology , 6:47-55 (1988); Miller et al., in Genetic 
Engineering , Setlow et al., eds., Vol. 8 (Plenum Publishing, 1986), 
pp. 277-279; and Maeda et al., Nature, 315:592-594 (1985)]. A 
10 variety of viral strains for transfection are publicly available, 
e.g., the L-l variant of Autographa calif omica NPV and the Bm-5 
strain of Bombyx mori NPV, 

Plant cell cultures of cotton, corn, potato, soybean, 
petunia, tomato, and tobacco can be utilized as hosts. Typically, 
M 15 plant cells are transfected by incubation with certain strains of 

the bacterium AgroJbacterium tumefaciens. During incubation of the 
plant cell culture with A. tumefaciens, the DNA encoding the Apo-2 
.M- can be transferred to the plant cell host such that it is 

fl = transfected, and will, under appropriate conditions, express the 

fli: 20 Apo-2 -encoding DNA. In addition,' regulatory and signal sequences 

compatible with plant cells are available, such as the nopal ine 
synthase promoter and polyadenylation signal sequences [Depicker et 
al., J. Mol. Appl. Gen. , 1:561 (1982)]. In addition, DNA segments 
isolated from the upstream region of the T-DNA 780 gene are capable 
25 of activating or increasing transcription levels of plant - 
expressible genes in recombinant DNA- containing plant tissue [EP 
321,196 published 21 June 1989). 

Propagation of vertebrate cells in culture (tissue 
culture) is also well known in the art [See, e.g., Tissue Culture , 
30 Academic Press, Kruse and Patterson, editors (1973)]. Examples of 
useful mammalian host cell lines are monkey kidney CVl line 
transformed by SV40 (COS-7, ATCC CRL 1651) ; human embryonic kidney 
line (293 or 293 cells subcloned for growth in suspension culture, 
Graham et al., J. Gen Virol. , 36:59 (1977)); baby hamster kidney 
35 cells (BHK, ATCC CCL 10) ; Chinese hamster ovary cells/-DHFR (CHO, 
Urlaub and Chasin, Proc. Natl. Acad. Sci. USA , 77:4216 (1980)); 
mouse Sertoli cells (TM4, Mather, Biol. Reprod. , 23:243-251 
(1980)); monkey kidney cells (CVl ATCC CCL 70); African green 
monkey kidney cells (VER0-76, ATCC CRL- 1587 ) ; human cervical 

-31- 



P1101R2 

• t 

' * « 1 

carcinoma cells (HELA, ATCC CCL 2) ; canine kidney cells (MDCK, ATCC 
CCL 34) ; buffalo rat liver cells (BRL 3A # ATCC CRL 1442) ; human 
lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 
8065); mouse mammary tumor (MMT 060562, ATCC CCL51) ; TRI cells 
5 (Mather et al. f Annals N.Y. Acad. Sci. , 383:44-68 (1982)); MRC 5 
cells; and FS4 'cells. 

Host cells are transfected and preferably transformed 
with the above -described expression or' cloning vectors for Apo-2 
production and cultured in conventional nutrient media modified as 
10 appropriate for inducing promoters, selecting transformants, or 
amplifying the genes encoding the desired sequences. 

Transfection refers to the taking up of an expression 
vector by a host cell whether or not any coding sequences are in 
?^ fact expressed. Numerous methods of transfection are known to the 

Pi 15 ordinarily skilled artisan, for example, CaP0 4 and electroporation. 

V 

~ Successful transfection is generally recognized when any indication 

IJ8 of the operation of this vector occurs within the host cell. 

!. Transformation means introducing DNA into an organism so 

M that the DNA is replicable, either as an extrachromosomal element 

5rJ 20 or by chromosomal integrant. Depending on the host cell used, 

0 transformation is done using standard techniques appropriate to 

^ such cells. The calcium treatment employing calcium chloride, as 

described in Sambrook et al., supra , or electroporation is 
generally used for prokaryotes or other cells that contain 
25 substantial cell-wall barriers. Infection with Agrobacterium 
tumefaciens is used for transformation of certain plant cells, as 
described by Shaw et al., Gene , 23 :315 (1983) and WO 89/05859 
published 29 June 1989. In addition, plants may be transfected 
using ultrasound treatment as described in WO 91/00358 published 10 
30 January 1991. 

For mammalian cells without such cell walls, the calcium 
phosphate precipitation method of Graham and van der Eb, Virology , 
52:456-457 (1978) is preferred. General aspects of mammalian cell 
host system transformations have been described in U.S. Pat. No. 
35 4,399,216. Transformations into yeast are typically carried out 
according to the method of Van Solingen et al., J. Bact. , 130:946 
(1977) and Hsiao et al., Proc. Natl. Acad. Sci. (USA) , 76:3829 
(1979) . However, other methods for introducing DNA into cells, 
such as by nuclear microinjection, electroporation, bacterial 
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protoplast fusion with intact cells, or polycations, e.g., 
polybrene, polyorni thine, may also be used. For various techniques 
for transforming mammalian cells, see Keown et al., Methods in 
Enzvmology , 185:527-537 (1990) and Mansour et al., Nature, 336:348- 
5 352 (1988). 

" Culturinq the Host Cells 
Prokaryotic cells used to produce Apo-2 may be cultured 
in suitable media as described generally in Sambrook et al., supra . 

The mammalian host cells used to produce Apo-2 may be 
10 cultured in a variety of media. Examples of commercially available 
media include Ham's F10 (Sigma), Minimal Essential Medium ("MEM", 
l9 Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's Medium 

O ( "DMEM" , Sigma). Any such media may be supplemented as necessary 

^ with hormones and/or other growth factors (such as insulin, 

fy. 15 transferrin, or epidermal growth factor), salts (such as sodium 
^ chloride, calcium, magnesium, and phosphate), buffers (such as 

§0 HEPES) , nucleosides (such as adenosine and thymidine), antibiotics 

r. (such as Gentamyciri™ drug), trace elements (defined as inorganic 

M compounds usually present at final concentrations in the micromolar 

M 

y 20 range), and glucose or an equivalent energy source. Any other 

p: necessary supplements may also be included at appropriate 

concentrations that would be known to those skilled in the art. 
The culture conditions, such as temperature, pH, and the like, are 
those previously used with the host cell selected for expression, 
25 and will be apparent, to the ordinarily skilled artisan'. 

In general, principles, protocols, and practical 
techniques for maximizing the productivity of mammalian cell 
cultures can be found in Mammalian Cell Biotechnology: a Practical 
Approach , M. Butler, ed. (IRL Press, 1991) . 
30 The host cells referred to in this disclosure encompass 

cells in culture as well as cells that are within a host animal. 
5. Detecting Gene Amplification/Expression 
Gene amplification and/or expression may be measured in 
a sample directly, for example, by conventional Southern blotting, 
35 Northern blotting to quantitate the transcription of mRNA [Thomas, 
Proc. Natl. Acad. Sci. USA . 77:5201-5205 (1980)], dot blotting (DNA 
analysis), or in situ hybridization, using an appropriately labeled 
probe, based on the sequences provided herein. Various labels may 
be employed, most commonly radioisotopes, and particularly 32 P. 



-33- 



PU01R2 

However, other techniques may also be employed, such as using 
biotin-modif ied nucleotides for introduction into a polynucleotide. 
The biotin then serves as the site for binding to avidin or 
antibodies, which may be labeled with a wide variety of labels, 
5 such as radionucleotides, fluorescers or enzymes. Alternatively, 
antibodies may '"be employed that can recognize specific duplexes, 
including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes 
or DNA- protein duplexes. The antibodies in turn may be labeled and 
the assay may be carried out where the duplex is bound to a 
10 surface, so that upon the formation of duplex on the surface, the 
presence of antibody bound to the duplex can be detected, 
y Gene expression, alternatively, may be measured by 

J:. immunological methods, such as immunohistochemical staining of 

Lfj cells or tissue sections and assay of cell culture or body fluids, 

|~ 15 to quantitate directly the expression of gene product. With 

gg immunohistochemical staining techniques, a cell sample is prepared, 

w typically by dehydration and fixation, followed by reaction with 

labeled antibodies specific for the gene .product coupled, where the 
labels are usually visually detectable, such as enzymatic labels, 

m 20 fluorescent labels, or luminescent labels. 

?y 

Antibodies useful for immunohistochemical staining 
and/or assay of sample fluids may be either monoclonal or 
polyclonal, and may be prepared in any mammal. Conveniently, the 
antibodies may be prepared against a native sequence Apo-2 
25 polypeptide or against a synthetic peptide based on the DNA 
sequences provided herein or against exogenous sequence fused to 
Apo-2 DNA and encoding a specific antibody epitope. 

6. Purification of Apo-2 Polypeptide 
Forms of Apo-2 may be recovered from culture medium or 
30 from host cell lysates. If the Apo-2 is membrane-bound, it can be 
released from the membrane using- a suitable detergent solution 
(e.g. Triton-X 100) or its extracellular domain may be released by 
enzymatic cleavage. 

When Apo-2 is produced in a recombinant cell other than 
35 one of human origin, the Apo-2 is free of proteins or polypeptides 
of human origin. However, it may be desired to purify Apo-2 from 
recombinant cell proteins or polypeptides to obtain preparations 
that are substantially homogeneous as to Apo-2. As a first step, 
the culture medium or lysate may be centrifuged to remove 
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particulate cell debris. Apo-2 thereafter is purified from 
contaminant soluble proteins and polypeptides, with the following 
procedures being exemplary of suitable purification procedures: by 
fractionation on an ion-exchange column; ethanol precipitation; 
reverse phase HPLC; chromatography on silica or on a cation- 
exchange resin '"such as DEAE; chroma to focusing; SDS-PAGE; ammonium 
sulfate precipitation; gel filtration using, for example, Sephadex 
G-75; and protein A Sepharose columns to remove contaminants such 
as IgG. 

Apo-2 variants in which residues have been deleted, 
inserted, or substituted can be recovered in the same fashion as 
native sequence Apo-2, taking account of changes in properties 
occasioned by the variation. For example, preparation of an Apo-2 
fusion with another protein or polypeptide, e.g., a bacterial or 
viral antigen, immunoglobulin sequence, or receptor sequence, may 
facilitate purification; an immunoaff inity column containing 
antibody to the sequence can be used to adsorb the fusion 
polypeptide. Other types of affinity matrices also can be used. 

A protease inhibitor such as phenyl methyl sulfonyl 
fluoride (PMSF) also may be useful to inhibit proteolytic 
degradation during purification, and antibiotics may be included to 
prevent the growth of adventitious contaminants. One skilled in 
the art will appreciate that purification methods suitable for 
native sequence Apo-2 may require modification to account for 
changes in the character of Apo-2 or its variants upon expression 
in recombinant cell culture. 

7. Covalent Modifications of Ap o-2 Polypeptides 

Covalent modifications of Apo-2 are included within the 
scope of this invention. One type of covalent modification of the 
Apo-2 is introduced into the molecule by reacting targeted amino 
acid residues of the Apo-2 with an. organic derivatizing agent that 
is capable of reacting with selected side chains or the N- or C- 
terminal residues of the Apo-2. 

Derivatization with bifunctional agents is useful for 
crosslinking Apo-2 to a water-insoluble support matrix or surface 
for use in the method for purifying anti-Apo-2 antibodies, and 
vice-versa. Derivatization with one or more bifunctional agents 
will also be useful for crosslinking Apo-2 molecules to generate 
Apo-2 dimers. Such dimers may increase binding avidity and extend 
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half- life of the molecule in vivo. Commonly used crosslinking 
agents include, e.g. , 1, 1-bis (diazoacetyl) -2-phenylethane, 
glutaraldehyde, N-hydroxysuccinimide esters, for example, esters 
with 4-azidosalicylic acid, homobifunctional imidoesters, including 
5 disuccinimidyl esters such as 3, 3 1 -dithiobistsuccinimidyl- 
propionate) arid bifunctional maleimides such as bis-N-maleimido- 
1,8-octane. Derivatizing agents such as methyl-3- [ (p-azidophenyl) - 
dithio]prcpioimidate yield photoactivatable intermediates that are 
capable of forming crosslinks in the presence of light. 
10 Alternatively, reactive water- insoluble matrices such as cyanogen 
bromide-activated carbohydrates and the reactive substrates 

M described in U.S. Patent Nos. 3,969,287; 3,691,016; 4,195,128; 

y 4,247,642; 4,229,537; and 4,330,440 are employed for protein 

yi immob ilization. 

JJj 15 Other modifications include deamidation of glutaminyl 

yj and asparaginyl residues to the corresponding glutamyl and aspartyl 

^ residues, respectively, hydroxylation of proline and lysine, 

4^ phosphorylation of hydroxyl groups of seryl or threonyl residues, 

methylation of the a- amino groups of lysine, arginine, and 
20 histidine side chains [T.E. Creighton, Proteins: Structure and 
Molecular Properties , W.H. Freeman & Co., San Francisco, pp. 79-86 
(1983)], acetylation of the N-terminal amine, and amidation of any 
C-terminal carboxyl group. The modified forms of the residues fall 
within the scope of the present invention. 
25 Another type of covalent modification of the Apo-2 

polypeptide included within the scope of this invention comprises 
altering the native glycosylation pattern of the polypeptide. 
"Altering the native glycosylation pattern" is intended for 
purposes herein. to mean deleting one or more carbohydrate moieties 
30 found in native sequence Apo-2, and/or adding one or more 
glycosylation sites that are not present in the native sequence 
Apo-2. 

Glycosylation of polypeptides is typically either N- 
linked or 0-1 inked. N-linked refers to the attachment of the 
35 carbohydrate moiety to the side chain of an asparagine residue. 
The tripeptide sequences asparagine-X-serine and asparagine~X- 
threonine, where X is any amino acid except proline, are the 
recognition sequences for enzymatic attachment of the carbohydrate 
moiety to the asparagine side chain. Thus, the presence of either 
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of these tripeptide sequences in a polypeptide creates a potential 
glycosylation site. O-linked glycosylation refers to the 
attachment of one of the sugars N-aceylgalactosamine, galactose, or 
xylose to a hydroxylaraino acid, most commonly serine or threonine, 
5 although 5-hydroxyproline or 5-hydroxylysine may also be used. 

Addition of glycosylation sites to the Apo-2 polypeptide 
may be accomplished by altering the amino acid sequence such that 
it contains one or more of the above- described tripeptide sequences 
(for N-linked glycosylation sites) . The alteration may also be 
10 made by the addition of, or substitution by, one or more serine or 
threonine residues to the native sequence Apo-2 (for O-linked 
glycosylation sites) . The Apo-2 amino acid sequence may optionally 
be altered through changes at the DNA level, particularly by 
mutating the DNA encoding the Apo-2 polypeptide at preselected 
is bases such that codons are generated that will translate into the 
desired amino acids. The DNA mutation (s) may be made using methods 
£n described above and in U.S. Pat. No. 5,364,934, sup ra, 

f; Another means of increasing the number of carbohydrate 

i~i moieties on the Apo-2 polypeptide is by chemical or enzymatic 

r*=: 

W 20 coupling of glycosides to the polypeptide. Depending on the 

Hi 

p coupling mode used, the sugar (s) may be attached to (a) arginine 

Is/ t 

and histidine, (b) free carboxyl groups, (c) free sulfhydryl groups 
such as those of cysteine, (d) free hydroxy 1 groups such as those 
of serine, threonine, or hydroxyproline, (e) aromatic residues such 

25 as those of phenylalanine, tyrosine, or tryptophan, or (f) the 
amide group of glutamine. These methods are described in WO 
87/05330 published 11 September 1987, and in Aplin and Wriston, CRC 
Crit. Rev. Biochem. , pp. 259-306 (1981) . 

Removal of carbohydrate moieties present on the Apo-2 

30 polypeptide may be accomplished chemically or enzymatically or by 
mutational substitution of codons encoding for amino acid residues 
that serve as targets for glycosylation. For instance, chemical 
deglycosylation by exposing the polypeptide to the compound 
trif luoromethanesulfonic acid, or an equivalent compound can result 

35 in the cleavage of most or all sugars except the linking sugar (N- 
acetylglucosamine or N- acetylgalactosamine) , while leaving the 
polypeptide intact. Chemical deglycosylation is described by 
Hakimuddin, et al., Arch . Biochem . Biophys . . 259:52 (1987) and by 
Edge et al,, Anal. Biochem. , 118 :131 (1981). Enzymatic cleavage of 
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carbohydrate moieties on polypeptides can be achieved by the use of 
a variety of endo- and exo-glycosidases as described by Thotakura 
et al., Meth. Enzvmol. , 138:350 (1987). 

Glycosylation at potential glycosylation sites may be 
5 prevented by the use of the compound tunicamycin as described by 
Duksin et al". , ' fr. Biol. Chem. , 257:3105 (1982) . Tunicamycin blocks 
the formation of protein-N-glycoside linkages. 

Another type of covalent modification of Apo-2 comprises 
linking the Apo-2 polypeptide to one of a variety of 
10 nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene 
glycol, or polyoxyalkylenes, in the manner set forth in U.S. Patent 

y Nos. 4,640,835; 4,496,689; 4,301,144; 4,670,417; 4,791,192 or 

Q 4,179,337. 

5j 8 • Apo-2 Chimeras 

W 15 The present invention also provides chimeric molecules 

H 

,h comprising Apo-2 fused to another, heterologous polypeptide or 



amino acid sequence. 

In one embodiment, the chimeric molecule comprises a 
y= fusion of the Apo-2 with a tag polypeptide which provides an 

jfi 20 epitope to which an anti-tag antibody can selectively bind. The 

n. 



epitope tag is generally placed at the amino- or carboxyl- terminus 
of the Apo-2. The presence of such epitope -tagged forms of the 
Apo-2 can be detected using an antibody against the tag 
polypeptide. Also, provision of the epitope tag enables the Apo-2 
25 to be readily purified by affinity purification using an anti-tag 
antibody or another type of affinity matrix that binds to the 
epitope tag. 

Various tag polypeptides and their respective antibodies 
are well known in the art. Examples include the flu HA tag 

30 polypeptide and its antibody 12CA5 [Field et al., Mol. Cell. Biol. , 
8:2159-2165 (1988)]; the c-myc tag . and the 8F9, 3C7, 6E10, G4, B7 
and 9E10 antibodies thereto [Evan et al., Molecular and Cellular 
Biology , 5:3610-3616 (1985)]; and the Herpes Simplex virus 
glycoprotein D (gD) tag and its antibody [Paborsky et al., Protein 

35 Engineering , 3 (6) :547-553 (1990)]. Other tag polypeptides include 
the Flag-peptide [Hopp et al., BioTechnology , 6:1204-1210 (1988)]; 
the KT3 epitope peptide [Martin et al., Science , 255:192-194 
(1992)]; an a-tubulin epitope peptide [Skinner et al., J. Biol. 
Chem. , 266:15163-15166 (1991)]; and the T7 gene 10 protein peptide 
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tag [Lutz-Freyermuth et al., Proc. Natl. Acad. Sci. USA , 87:6393- 
6397 (1990)]. Once the tag polypeptide has been selected, an 
antibody thereto can be generated using the techniques disclosed 
herein. 

Generally, epitope -tagged Apo-2 may be constructed and 
produced according to the methods described above. Epitope -tagged 
Apo-2 is also described in tlje Examples below. Apo-2-tag 
polypeptide fusions are preferably constructed by fusing the cDNA 
sequence encoding the Apo-2 portion in-frame to the tag polypeptide 
DNA sequence and expressing the resultant DNA fusion construct in 
appropriate host cells. Ordinarily, when preparing the Apo-2-tag 
polypeptide chimeras of the present invention, nucleic acid 
encoding the Apo-2 will be fused at its 3' end to nucleic acid 
encoding the N-terminus of the tag polypeptide, however 5' fusions 
are also possible. For example, a polyhistidine sequence of about 
5 to about 10 histidine residues may be fused at the N- terminus or 
the C- terminus and used as a purification handle in affinity 
chromatography . 

Epitope- tagged Apo-2 can be purified by affinity 
chromatography using the anti-tag antibody. The matrix to which 
the affinity antibody is attached may include, for instance, 
agarose, controlled pore glass or poly (styrenedivinyl) benzene. The 
epitope- tagged Apo-2 can then be eluted from the affinity column 
using techniques known in the art. 

In another embodiment, the chimeric molecule comprises 
an Apo-2 polypeptide fused to an immunoglobulin sequence. The 
chimeric molecule may also comprise a particular domain sequence of 
Apo-2, such as an extracellular domain sequence of Apo-2 fused to 
an immunoglobulin sequence. This includes chimeras in monomer ic, 
homo- or heteromultimeric, and particularly homo- or heterodimeric, 
or -tetrameric forms; optionally, the chimeras may be in dimeric 
forms or homodimeric heavy chain forms. Generally, these assembled 
immunoglobulins will have known unit structures as represented by 
the following diagrams. 
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A basic four chain structural unit is the form in which 
35 IgG, IgD, and IgE exist. A four chain unit is repeated in the 
higher molecular weight immunoglobulins; IgM generally exists as a 
pentamer of basic four-chain units held together by disulfide 
bonds. IgA globulin, and occasionally IgG globulin, may also exist 
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in a multimeric form in serum. In the case of multimers, each four 
chain unit may be the same or different. 

The following diagrams depict some exemplary monomer, 
homo- and heterodimer and homo- and heteromultimer structures. 
These diagrams are merely illustrative, and the chains of the 
multimers are believed to be disulfide bonded in the same fashion 
as native immunoglobulins. 
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In the foregoing diagrams, "A" means an Apo-2 sequence 
or an Apo-2 sequence fused to a heterologous sequence; X is an 
additional agent, which may be the same as A or different, a 

15 portion of an immunoglobulin superfamily member such as a variable 
region or a variable region- like domain, including a native or 
chimeric immunoglobulin variable region, a toxin such a pseudomonas 
exotoxin or ricin, or a sequence functionally binding to another 
protein, such as other cytokines (i.e., IL-1, interferon-y) or cell 

20 surface molecules (i.e., NGFR, CD40, OX40, Fas antigen, T2 proteins 
of Shope and myxoma poxviruses), or a polypeptide therapeutic agent 
not otherwise normally associated with a constant domain; Y is a 
linker or another receptor sequence; and V L , V H , C L and C H represent 
light or heavy chain variable or constant domains of an 

25 immunoglobulin. Structures comprising at least one CRD of an Apo-2 
sequence as "A" and another cell-surface protein having a 
repetitive pattern of CRDs (such as TNFR) as "X" are specifically 
included. 

It will be understood that the above diagrams are merely 
30 exemplary of the possible structures of the chimeras of the present 
invention, and do not encompass all possibilities. For example, 
there might desirably be several different H A"s, "X 1 ^, or "Y n s in 
any of these constructs. Also, the heavy or light chain constant 
domains may be originated from the same or different 
35 immunoglobulins. All possible permutations of the illustrated and 
similar structures are all within the scope of the invention 
herein. 

In general, the chimeric molecules can be constructed in 
a fashion similar to chimeric antibodies in which a variable domain 
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from an antibody of one species is substituted for the variable 
domain of another species. See, for example, EP 0 125 023; EP 
173,494; Munro, Nature, 312:597 (13 December 1984); Neuberger et 
al., Nature , 312:604-608 (13 December 1984); Sharon et al., Nature, 
5 309:364-367 (24 May 1984); Morrison et al., Proc. Nat 1 !. Acad. Sci. 
USA , 81:6851-6855 (1984); Morrison et al., Science , 229:1202-1207 
(1985); Boulianne et al . , Nature , 312:643-646 (13 December 1984); 
Capon et al,, Nature , 337:525-531 (1989); Traunecker et al., 
Nature , 339:68-70 (1989). 
10 Alternatively, the chimeric molecules may be constructed 

as follows. The DNA including a region encoding the desired 
1^ sequence, such as an Apo-2 and/or TNFR sequence, is cleaved by a 

p restriction enzyme at or proximal to the 3 1 end of the DNA encoding 

jj the immunoglobulin- like domain (s) and at a point at or near the DNA 

W 15 encoding the N-terminal end of the Apo-2 or TNFR polypeptide (where 

use of a different leader is contemplated) or at or proximal to the 
N-terminal coding region for TNFR (where the native signal is 
employed) . This DNA fragment then is readily inserted proximal to 
M DNA encoding an immunoglobulin light or heavy chain constant region 

51 20 and, if necessary, the resulting construct tailored by deletional 

Q mutagenesis. Preferably, the Ig is a human immunoglobulin when the 



chimeric molecule is intended for in vivo therapy for humans. DNA 
encoding immunoglobulin light or heavy chain constant regions is 
known or readily available from cDNA libraries or is synthesized. 

25 See for example, Adams et al., Biochemistry , 19:2711-2719 (1980); 
Gough et al., Biochemistry , 19:2702-2710 (1980); Dolby et al . , 
Proc . Natl . Acad . Sci . . USA , 77:6027-6031 (1980); Rice et al., 
Proc. Natl. Acad. Sci. , 79:7862-7865 (1982); Falkner et al., 
Nature, 298 :286-288 (1982); and Morrison et al . , Ann . Rev . 

30 Immunol . . 2:239-256 (1984) . 

Further details of how to prepare such fusions are found 
in publications concerning the preparation of immunoadhesins. 
Immunoadhesins in general, and CD4-Ig fusion molecules specifically 
are disclosed in WO 89/02922, published 6 April 1989. Molecules 

35 comprising the extracellular portion of CD4, the receptor for human 
immunodeficiency virus (HIV) , linked to IgG heavy chain constant 
region are known in the art and have been found to have a markedly 
longer half -life and lower clearance than the soluble extracellular 
portion of CD4 [Capon et al., supra ; Byrn et al., Nature , 344:667 
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(1990)]. The construction of specific chimeric TNFR-lgG molecules 
is also described in Ashkenazi et al. Proc. Natl. Acad. Sci. , 
88:10535-10539 (1991); Lesslauer et al. f J. Cell. Biochem. 
Supplement 15F , 1991, p. 115 (P 432)]? and Peppel and Beutler, sL 
5 Cell. Biochem. Supplement 15F . 1991, p. 118 (P 439)] . 

B. Therapeutic and Non-therapeutic Uses for Apo-2 

Apo-2, as disclosed in the present specification, can be 
employed therapeutically to induce apoptosis in mammalian cells. 
10 This therapy can be accomplished for instance, using in vivo or ex 
vivo gene therapy techniques and includes the use of the death 
domain sequences disclosed herein. The Apo-2 chimeric molecules 
(including the chimeric molecules containing an extracellular 
domain sequence of Apo-2) comprising immunoglobulin sequences can 
^ 15 also be employed therapeutically to inhibit apoptosis or NF-KB 

y3 induction by Apo-2L or by another ligand that Apo-2 binds to. 

m 

?■" The Apo-2 of the invention also has utility in non- 

M therapeutic applications. Nucleic acid sequences encoding the Apo- 

2 may be used as a diagnostic for tissue-specific typing. For 
fy. 20 example, procedures like in situ hybridization, Northern and 

Southern blotting, and PCR analysis may be used to determine 
whether DNA and/or RNA encoding Apo-2 is present in the cell 
type(s) being evaluated. Apo-2 nucleic acid will also be useful 
for the preparation of Apo-2 by the recombinant techniques 
25 described herein. 

The isolated Apo-2 may be used in quantitative 
diagnostic assays as a control against which samples containing 
unknown quantities of Apo-2 may be prepared. Apo-2 preparations 
are also useful in generating antibodies, as standards in assays 
30 for Apo-2 (e.g., by labeling Apo-2 for use as a standard in a 
radioimmunoassay, radioreceptor ' assay, or enzyme-linked 
immunoassay), in affinity purification techniques, and in 
competitive-type receptor binding assays when labeled with, for 
instance, radioiodine, enzymes, or f luorophores . 
3 5 Modi f ied forms of the Apo-2 , such as the Apo-2 - IgG 

chimeric molecules (immunoadhesins) described above, can be used as 
immunogens in producing anti-Apo-2 antibodies. 

Nucleic acids which encode Apo-2 or its modified forms 
can also be used to generate either transgenic animals or "knock 
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out" animals which, in turn, are useful in the development and 
screening of therapeutically useful reagents. A transgenic animal 
(e.g., a mouse or rat) is an animal having cells that contain a 
transgene, which transgene was introduced into the animal or an 
ancestor of the animal at a prenatal, e.g., an embryonic stage. A 
transgene is a'^DNA which is integrated into the genome of a cell 
from which a transgenic animal develops. In one embodiment, cDNA 
encoding Apo-2 or an appropriate sequence thereof (such as Apo-2- 
IgG) can be used to clone genomic DNA encoding Apo-2 in accordance 
with established techniques and the genomic sequences used to 
generate transgenic animals that contain cells which express DNA 
encoding Apo-2. Methods for generating transgenic animals, 
particularly animals such as mice or rats, have become conventional 
in the art and are described, for example, in U.S. Patent Nos. 
4,736,866 and 4,870,009. Typically, particular cells would be 
targeted for Apo-2 transgene incorporation with tissue-specific 
enhancers. Transgenic animals that include a copy of a transgene 
encoding Apo-2 introduced into the germ line of the animal at an 
embryonic stage can be used to examine the effect of increased 
expression of DNA encoding Apo-2. Such animals can be used as 
tester animals for reagents thought to confer protection from, for 
example, pathological conditions associated with excessive 
apoptosis. In accordance with this facet of the invention, an 
animal is treated with the reagent and a reduced incidence of the 
pathological condition, compared to untreated animals bearing the 
transgene, would indicate a potential therapeutic intervention for 
the pathological condition. In another embodiment, transgenic 
animals that carry a soluble form of Apo-2 such as an Apo-2 EOT or 
an immunoglobulin chimera of such form could be constructed to test 
the effect of chronic neutralization of Apo-2L, a ligand of Apo-2. 

Alternatively, non-human- homologues of Apo-2 can be used 
to construct an Apo-2 "knock out" animal which has a defective or 
altered gene encoding Apo-2 as a result of homologous recombination 
between the endogenous gene encoding Apo-2 and altered genomic DNA 
encoding Apo-2 introduced into an embryonic cell of the animal. 
For example, cDNA encoding Apo-2 can be used to clone genomic DNA 
encoding Apo-2 in accordance with established techniques. A 
portion of the genomic DNA encoding Apo-2 can be deleted or 
replaced with another gene, such as a gene encoding a selectable 
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marker which can be used to monitor integration. Typically, 
several kilobases of unaltered flanking DNA (both at the 5 f and 3' 
ends) are included in the vector [see e.g., Thomas and Capecchi, 
Cell , 51:503 (1987) for a description of homologous recombination 
5 vectors] . The vector is introduced into an embryonic stem cell 
line (e.g., "by'^electroporation) and cells in which the introduced 
DNA has homologously recombined with the endogenous DNA are 
selected [see e.g., Li et al. # Cell , 69:915 (1992)]. The selected 
cells are then injected into a blastocyst of an animal (e.g., a 
10 mouse or rat) to form aggregation chimeras [see e.g., Bradley, in 
Teratocarcinomas and Embryonic Stem Cells: A Practical Approach, E. 
^ J. Robertson, ed. (IRL, Oxford, 1987), pp. 113-152]. A chimeric 

embryo can then be implanted into a suitable pseudopregnant female 
foster animal and the embryo brought to term to create a "knock 
15 out" animal. Progeny harboring the homologously recombined DNA in 
their germ cells can be identified by standard techniques and used 
gi to breed animals in which all cells of the animal contain the 

f\ homologously recombined DNA. Knockout animals can be characterized 

yi for instance, for their ability to defend against certain 

jr! 20 pathological conditions and for their development of pathological 

gg conditions due to absence of the Apo-2 polypeptide, including for 

example, development of tumors. 

C. Ant i -Apo-2 Antibody Preparation 
25 The present invention further provides anti -Apo-2 

antibodies. Antibodies against Apo-2 may be prepared as follows. 
Exemplary antibodies include polyclonal, monoclonal, humanized, 
bispecific, and heterocon jugate antibodies. 
1. Polyclonal Antibodies 
30 The Apo-2 antibodies may comprise polyclonal antibodies. 

Methods of preparing polyclonal antibodies are known to the skilled 
artisan. Polyclonal antibodies can be raised in a mammal, for 
example, by one or more injections of an immunizing agent and, if 
desired, an adjuvant. Typically, the immunizing agent and/or 
35 adjuvant will be injected in the mammal by multiple subcutaneous or 
intraperitoneal injections. The immunizing agent may include the 
Apo-2 polypeptide or a fusion protein thereof. An example of a 
suitable immunizing agent is an Apo-2-IgG fusion protein, such as 
an Apo-2 ECD-IgG fusion protein. Cells expressing Apo-2 at their 
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surface may also be employed. It may be useful to conjugate the 
immunizing agent to a protein known to be immunogenic in the mammal 
being immunized. Examples of such immunogenic proteins which may 
be employed include but are not limited to keyhole limpet 
hemocyanin, serum albumin, bovine thyroglobulin, and soybean 
trypsin inhibitor. An aggregating agent such as alum may also be 
employed to enhance the mammal's, immune response. Examples of 
adjuvants which may be employed include Freund's complete adjuvant 
and MPL-TDM adjuvant (monophosphoryl Lipid A, synthetic trehalose 
dicorynomycolate) . The immunization protocol may be selected by one 
skilled in the art without undue experimentation. The mammal can 
then be bled, and the serum assayed for antibody titer. If 
desired, the mammal can be boosted until the antibody titer 
increases or plateaus. 

2 . Monoclonal Antibodies 

The Apo-2 antibodies may, alternatively, be monoclonal 
antibodies. Monoclonal antibodies may be prepared using hybridoma 
methods, such as those described by Kohler and Milstein, supra. In 
a hybridoma method, a mouse, hamster, or other appropriate host 
animal, is typically immunized (such as described above) with an 
immunizing agent to elicit lymphocytes that produce or are capable 
of producing antibodies that will specifically bind to the 
immunizing agent. Alternatively, the lymphocytes may be immunized 
in vitro. 

The immunizing agent will typically include the Apo-2 
polypeptide or a fusion protein thereof. An example of a suitable 
immunizing agent is an Apo-2-IgG fusion protein or chimeric 
molecule. A specific example of an Apo-2 ECD-IgG immunogen is 
described in Example 9 below. Cells expressing Apo-2 at their 
surface may also be employed. Generally, either peripheral blood 
lymphocytes ("PBLs") are used if cells of human origin are desired, 
or spleen cells or lymph node cells are used if non-human mammalian 
sources are desired. The lymphocytes are then fused with an 
immortalized cell line using a suitable fusing agent, such as 
polyethylene glycol, to form a hybridoma cell [Goding, Monoclonal 
Antibodies: Principles and Practice , Academic Press, (1986) pp. 59- 
103] . Immortalized cell lines are usually transformed mammalian 
cells, particularly myeloma cells of rodent, bovine and human 
origin. Usually, rat or mouse myeloma cell, lines are employed. 



P1101R2 

The hybridoma cells may be cultured in a suitable culture medium 
that preferably contains one or more substances that inhibit the 
growth or survival of the unfused, immortalized cells. For 
example, if the parental transformed cells lack the enzyme 
5 hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT) , 
the culture medium for the hybridomas typically will include 
hypoxanthine, aminopterin, and thymidine ("HAT medium"), which 
substances prevent the growth of HGPRT-def icient cells. 

Preferred immortalized cell lines are those that fuse 
10 efficiently, support stable high level expression of antibody by 
the selected antibody-producing cells, and are sensitive to a 
medium such as HAT medium. More preferred immortalized cell lines 
are murine myeloma lines, which can be obtained, for instance, from 
the Salk Institute Cell Distribution Center, San Diego, California 
(V 15 and the American Type Culture Collection, Manassas, Virginia. 

:S Human myeloma and mouse-human heteromyeloma cell lines also have 
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been described for the production of human monoclonal antibodies 
[Kozbor, J . Immunol . , 133 :3001 (1984); Brodeur et al., Monoclonal 
^ Antibody Production Techniques and Applications , Marcel Dekker, 

a 

gl . 20 Inc., New York, (1987) pp. 51-63]. 

8- The culture medium in which the hybridoma cells are 

cultured can then be assayed for the presence of monoclonal 
antibodies directed against Apo-2. Preferably, the binding 
specificity of monoclonal antibodies produced by the hybridoma 

25 cells is determined by immunoprecipitation or by an in vitro 
binding assay, such as radioimmunoassay (RIA) or enzyme -linked 
immunoabsorbent assay (ELISA) . Such techniques and assays are 
known in the art. The binding affinity of the monoclonal antibody 
can, for example, be determined by the Scatchard analysis of Munson 

30 and Pollard, Anal. Biochem. , 107 :220 (1980) . 

After the desired hybridoma cells are identified, the 
clones may be subcloned by limiting dilution procedures and grown 
by standard methods [Goding, supra ] . Suitable culture media for 
this purpose include, for example, Dulbecco's Modified Eagle f s 

35 Medium and RPMI-1640 medium. Alternatively, the hybridoma cells 
may be grown in vivo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones may 
be isolated or purified from the culture medium or ascites fluid by 
conventional immunoglobulin purification procedures such as, for 
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example, protein A-Sepharose, hydroxylapatite chromatography, gel 
electrophoresis, dialysis, or affinity chromatography. 

The monoclonal antibodies may also be made by 
recombinant DNA methods, such as those described in U.S. Patent No. 
5 4,816,567. DNA encoding the monoclonal antibodies of the invention 
can be readily 'isolated and sequenced using conventional procedures 
(e.g., by using oligonucleotide probes that are capable of binding 
specifically to genes encoding the heavy* and light chains of murine 
antibodies) . The hybridoma cells of the invention serve as a 
10 preferred source of such DNA. Once isolated, the DNA may be placed 
into expression vectors, which are then transfected into host cells 
such as simian COS cells, Chinese hamster ovary (CHO) cells, or 
Q myeloma cells that do not otherwise produce immunoglobulin protein, 

lh to obtain the synthesis of monoclonal antibodies in the recombinant 

15 host cells. The DNA also may be modified, for example, by 
substituting the coding sequence for human heavy and light chain 
constant domains in place of the homologous murine sequences [U.S. 
Patent No. 4,816,567; Morrison et al., supra ] or by covalently 
joining to the immunoglobulin coding sequence all or part of the 
20 coding sequence for a non- immunoglobulin polypeptide. Such a non- 
£3 immunoglobulin polypeptide can be substituted for the constant 

domains of an antibody of the invention, or can be substituted for 
the variable domains of one antigen- combining site of an antibody 
of the invention to create a chimeric bivalent antibody. 
25 As described in the Examples below, anti-Apo-2 

monoclonal antibodies have been prepared. One of these antibodies, 
3F11.39.7, has been deposited with ATCC and has been assigned 
deposit accession no. HB-12456. In one embodiment, the monoclonal 
antibodies of the invention will have the same biological 
30 characteristics as the monoclonal antibodies secreted by the 
hybridoma cell line(s) deposited under Accession No. HB-12456. The 
term "biological characteristics" is used to refer to the in vitro 
and/or in vivo activities or properties of the monoclonal antibody, 
such as the ability to specifically bind to Apo-2 or to 
35 substantially block, induce or enhance Apo-2 activation. As 
disclosed in the present specification, the 3F11.39.7 monoclonal 
antibody (HB-12456) is characterized as having agonistic activity 
for inducing apoptosis, binding to the Apo-2 receptor, having 
blocking activity as described in the Examples below, and having 
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some cross-reactivity to DR4 but not to DcRl or DcR2. Optionally, 
the monoclonal antibody will bind to the same epitope as the 
3F11.39.7 antibody disclosed herein. This can be determined by 
conducting various assays, such as described herein and in the 
Examples. For instance, to determine whether a monoclonal antibody 
has the same specificity as the 3F11.39.7 antibody specifically 
disclosed, one can compare activity in Apo-2 blocking and apoptosis 
induction assays, such as those described in the Examples below. 

The antibodies of the invention may also comprise 
monovalent antibodies. Methods for preparing monovalent antibodies 
are well known in the art. For example, one method involves 
recombinant expression of immunoglobulin light chain and modified 
heavy chain. The heavy chain is truncated generally at any point 
in the Fc region so as to prevent heavy chain crosslinking. 
Alternatively, the relevant cysteine residues are substituted with 
another amino acid residue or are deleted so as to prevent 
crosslinking. 

In vitro methods are also suitable for preparing 
monovalent antibodies. Digestion of antibodies to produce 
fragments thereof, particularly, Fab fragments, can be accomplished 
using routine techniques known in the art. For instance, digestion 
can be performed using papain. Examples of papain digestion are 
described in WO 94/29348 published 12/22/94 and U.S. Patent No. 
4,342,566. Papain digestion of antibodies typically produces two 
identical antigen binding fragments, called Fab fragments, each 
with a single antigen binding site, and a residual Fc fragment. 
Pepsin treatment yields an Ffab'h fragment that has two antigen 
combining sites and is still capable of cross- linking antigen. 

The Fab fragments produced in the antibody digestion 
also contain the constant domains of the light chain and the first 
constant domain (CHJ of the heavy chain. Fab' fragments differ 
from Fab fragments by the addition of a few residues at the carboxy 
terminus of the heavy chain CH L domain including one or more 
cysteines from the antibody hinge region. Fab'-SH is the 
designation herein for Fab' in which the cysteine residue (s) of the 
constant domains bear a free thiol group. F(ab') 2 antibody 
fragments originally were produced as pairs of Fab 1 fragments which 
have hinge cysteines between them. Other chemical couplings of 
antibody fragments are also known. 
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3 . Humanized Antibodies 

The Apo-2 antibodies of the invention may further 
comprise humanized antibodies or human antibodies. Humanized forms 
of non-human (e.g., murine) antibodies are chimeric 
5 immunoglobulins, immunoglobulin chains or fragments thereof (such 
as Fv, Fab, Fab', F(ab , ) 2 or other antigen-binding subsequences of 
antibodies) which contain minimal t sequence derived from non-human 
immunoglobulin. Humanized antibodies include human immunoglobulins 
(recipient antibody) in which residues from a complementary 
10 determining region (CDR) of the recipient are replaced by residues 
from a CDR of a non-human species (donor antibody) such as mouse, 
M rat or rabbit having the desired specificity, affinity and 

~" capacity. In some instances, Fv framework residues of the human 

Ln immunoglobulin are replaced by corresponding non-human residues. 

15 Humanized antibodies may also comprise residues which are found 
ijp neither in the recipient antibody nor in the imported CDR or 

framework sequences. In general, the humanized antibody will 
Uc comprise substantially all of at least one, and typically two, 

^ variable domains, in which all or substantially all of the CDR 

-?y 20 regions correspond to those of a non-human immunoglobulin and all 

p or substantially all of the FR regions are those of a human 

immunoglobulin consensus sequence. The humanized antibody 
optimally also will comprise at least a portion of an 
immunoglobulin constant region (Fc) , typically that of a human 
25 immunoglobulin [Jones et al., Nature, 321 :522-525 (1986); Riechmann 
et al., Nature , 332:323-329 (1988); and Presta, Curr. Op. Struct. 
Biol . , 2:593-596 (1992)]. 

Methods for humanizing non-human antibodies are well 
known in the art. Generally, a humanized antibody has one or more 
30 amino acid residues introduced into it from a source which is non- 
human. These non-human amino acid residues are often referred to 
as "import" residues, which are typically taken from an "import" 
variable domain. Humanization can be essentially performed 
following the method of Winter and co-workers [Jones et al., 
35 Nature, 321:522-525 (1986); Riechmann et al., Nature, 332:323-327 
(1988); Verhoeyen et al., Science , 239:1534-1536 (1988)], by 
substituting rodent CDRs or CDR sequences for the corresponding 
sequences of a human antibody. Accordingly, such "humanized" 
. antibodies are chimeric antibodies (U.S. Patent No. 4,816,567), 
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wherein substantially less than an intact human variable domain has 
been substituted by the corresponding sequence from a non-human 
species. In practice, humanized antibodies are typically human 
antibodies in which some CDR residues and possibly some FR residues 
5 are substituted by residues from analogous sites in rodent 
antibodies. 

The choice of human variable domains, both light and 
heavy, to be used in making the humanized antibodies is very 
important in order to reduce antigenicity. According to the "best- 
10 fit" method, the sequence of the variable domain of a rodent 
antibody is screened against the entire library of known human 
variable domain sequences. The human sequence which is closest to 

Q that of the rodent is then accepted as the human framework (FR) for 

El ' 

i'» the humanized antibody [Sims et al., J. Immunol. , 151:2296 (1993); 

Us' 

fU 15 Chothia and Lesk, J. Mol. Biol. , 196:901 (1987)]. Another method 

i% uses a particular framework derived from the consensus sequence of 

63 ; all human antibodies of a particular subgroup of light or heavy 

J\. chains. The same framework may be used for several different 

M humanized antibodies [Carter et al., Proc. Natl. Acad. Sci. USA , 

20 89:4285 (1992); Presta et al., J. Immunol. , 151:2623 (1993)]. 

It is further important that antibodies be humanized 
with retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a process of 
25 analysis of the parental sequences and various conceptual humanized 
products using three dimensional models of the parental and 
humanized sequences. Three dimensional immunoglobulin models are 
commonly available and are familiar to those skilled in the art. 
Computer programs are available which illustrate and display 
30 probable three-dimensional conformational structures of selected 
candidate immunoglobulin sequences.- Inspection' of these displays 
permits analysis of the likely role of the residues in the 
functioning of the candidate immunoglobulin sequence, i.e., the 
analysis of residues that influence the ability of the candidate 
35 immunoglobulin to bind its antigen. In this way, FR residues can 
be selected and combined from the consensus and import sequence so 
that the desired antibody characteristic, such as increased 
affinity for the target antigen(s), is achieved. In general, the 
CDR residues are directly and most substantially involved in 

-53- 



P1101R2 

influencing antigen binding [see, WO 94/04679 published 3 March 
1994] . 

Transgenic animals (e.g., mice) that are capable, upon 
immunization, of producing a full repertoire of human antibodies in 
5 the absence of endogenous immunoglobulin production can be 
employed. Transfer of the human germ-line immunoglobulin gene 
array in such germ-line mutant mice will result in the production 
of human antibodies upon antigen challenge [see, e.g., Jakobovits 
et al., Proc. Natl. Acad. Sci. USA , 90:2551-255 (1993); Jakobovits 
10 et al., Nature , 362:255-258 (1993); Bruggemann et al., Year in 
Immune , 7:33 (1993)] . 

Human antibodies can also be produced in phage display 
libraries [Hoogenboom and Winter, J. Mol. Biol. , 227:381 (1992); 
Marks et al., J. Mol. Biol. , 222:581 (1991)]. The techniques of 
fy 15 Cole et al. and Boerner et al . are also available for the 

:J preparation of human monoclonal antibodies (Cole et al., Monoclonal 

§3 Antibodies and Cancer Therapy , Alan R. Liss, p. 77 (1985) and 

^ Boerner et al., J. Immunol. , 147 (1) :86-95 (1991)] -. Suitable 

U methods for preparing phage libraries have been reviewed and are 

W 20 described in Winter et al., Annu . Rev . Immunol . , 12:433-55 (1994); 

p I - 

p Soderlind et al., Immunological Reviews . 130:109-123 (1992); 

H\ Hoogenboom, Tibtech February 1997, Vol. 15? Neri et al., Cell 

Biophysics , 22-47-61 (1995). Libraries of single chain antibodies 
may also be prepared by the methods described in WO 92/01047, WO 
25 92/20791, WO 93/06213, WO 93/11236, WO 93/19172, WO 95/01438 and 
WO 95/15388. Antibody libraries are also commercially available, 
for example, from Cambridge Antibody Technologies (C.A.T.), 
Cambridge, UK. Binding selection against an antigen, in this case 
Apo-2, can be carried out as described in greater detail in the 
30 Examples below. 

As described in the Examples below, anti-Apo-2 single- 
chain Fv (scPv) antibodies have been identified using a phage 
display library. Three of these antibodies, referred to herein as 
16E2, 24C4 and 20E6, have been sequenced and characterized. The 
35 respective DNA and amino acid sequences and complementarity 
determining regions of these antibodies are shown in Figures 15A- 
15C and 16. In one embodiment of the invention, scFv Apo-2 
antibodies will have the same biological characteristics as the 
16E2, 24C4 or 20E6 antibodies identified herein. The term 
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"biological characteristics" is used to refer to the in vitro 
and/or in vivo activities or properties of the scFv antibody, such 
as the ability to specifically bind to Apo-2 or to substantially 
induce or enhance Apo-2 activation. As disclosed in the present 
5 specification, the 16E2, 24C4 and 20E6 antibodies are characterized 
as binding "to" Apo-2, having agonistic activity for inducing 
apoptosis, and having no cross-reactivity to DR4 or several of the 
other known molecules recognized by the Apo-2 ligand. Optionally, 
the scFv Apo-2 antibody will bind to the same epitope or epitopes 

10 recognized by the 16E2, 24C4 or 20E6 antibodies disclosed herein. 
This can be determined by conducting various assays, such as 
described herein and in the Examples. For instance, to determine 
whether a scFv antibody has the same specificity as the 16E2, 24C4 
or 20E6 antibodies specifically disclosed, one can compare activity 

15 in apoptosis induction assays, such as those described in the 
Examples below. 

Optionally the scFv antibodies to Apo-2 may include 
antibodies which contain a VH and VL chain that include one or 
more complementarity determining region (CDR) amino acid sequences 

20 identified in Figure 16 for the 16E2, 20E6, or 24C4 antibodies. 

4 . Bispecific Antibodies 

Bispecific antibodies are monoclonal, preferably human 
or humanized, antibodies that have binding specificities for at 

25 least two different antigens. In the present case, one of the 
binding specificities is for the Apo-2, the other one is for any 
other antigen, and preferably for a cell-surface protein or 
receptor or receptor subunit . 

Methods for making bispecific antibodies are known in 

30 the art. Traditionally, the recombinant production of bispecific 
antibodies is based on the co-expression of two immunoglobulin 
heavy-chain/light-chain pairs, where the two heavy chains have 
different specificities [Milstein and Cuello, Nature , 305:537-539 
(1983)]. Because of the random assortment of immunoglobulin heavy 

35 and light chains, these hybridomas (quadromas) produce a potential 
mixture of ten different antibody molecules, of which only one has 
the correct bispecific structure. The purification of the correct 
molecule is usually accomplished by affinity chromatography steps. 
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Similar procedures are disclosed in WO 93/08829, published 13 May 
1993, and in Traunecker et al., EMBO J, , 10:3655-3659 (1991). 

According to a different and more preferred approach, 
antibody variable domains with the desired binding specificities 
(antibody-antigen combining sites) are fused to immunoglobulin 
constant dofnaixi sequences. The fusion preferably is with an 
immunoglobulin heavy-chain constant domain, comprising at least 
part of the hinge, CH2, and CH3 regions'. It is preferred to have 
the first heavy-chain constant region (CHI) containing the site 
necessary for light-chain binding present in at least one of the 
fusions. DNAs encoding the immunoglobulin heavy-chain fusions and, 
if desired, the immunoglobulin light chain, are inserted into 
separate expression vectors, and are co-transf ected into a suitable 
host organism. This provides for great flexibility in adjusting 
the mutual proportions of the three polypeptide fragments in 
embodiments when unequal ratios of the three polypeptide chains 
used in the construction provide the optimum yields. It is, 
however, possible to insert the coding sequences for two or all 
three polypeptide chains in one expression vector when the 
expression of at least two polypeptide chains in equal ratios 
results in high yields or when the ratios are of no particular 
significance. In a preferred embodiment of this approach, the 
bispecif ic antibodies are composed of a hybrid immunoglobulin heavy 
chain with a first binding specificity in one arm, and a hybrid 
immunoglobulin heavy -chain/ light -chain pair (providing a second 
binding specificity) in the other arm. It was found that this 
asymmetric structure facilitates the separation of the desired 
bispecific compound from unwanted immunoglobulin chain 
combinations, as the presence of an immunoglobulin light chain in 
only one half of the bispecific molecule provides for a facile way 
of separation. This approach is disclosed in WO 94/04690 published 
3 March 1994. For further details of generating bispecific 
antibodies see, for example, Suresh et al., Methods in Enzymolocrv , 
121:210 (1986) . 

5. Heteroconjugate Antibodies 

Heteroconjugate antibodies are also within the scope of 
the present invention. Heteroconjugate antibodies are composed of , 
two covalently joined antibodies. Such antibodies have, for 
example, been proposed to target immune system cells to unwanted 
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cells [US Patent No. 4,676,980], and for treatment of HIV infection 
[WO 91/00360; WO 92/200373; EP 03089]. It is contemplated that the 
antibodies may be prepared in vitro using known methods in 
synthetic protein chemistry, including those involving crosslinking 
agents. For example, immunotoxins may be constructed using a 
disulfide exchange reaction or by forming a thioether bond. 
Examples of suitable reagents for this purpose include 
iminothiolate and methyl- 4 -mercaptotutyrimidate and those 
disclosed, for example, in U.S. Pat. No. 4,676,980. 

6 . Triabodies 

Triabodies are also within the scope of the invention. 
Such antibodies are described for instance in Iliades et al., FEBS 
Letters , 409:437-441 (1997) and Korrt et al., Protein Engineering , 
10:423-433 (1997) . 

7 . Other Modifications 

Other modifications of the Apo-2 antibodies are 
contemplated. For example, it may be desirable to modify the 
antibodies of the invention with respect to effector function, so 
as to enhance the therapeutic effectiveness of the antibodies. For 
instance, cysteine residue (s) may be introduced into the Fc region, 
thereby allowing interchain disulfide bond formation in this 
region. The homodimeric antibody thus generated may have improved 
internalization capability and/or increased complement -mediated 
cell killing [see, e.g., Caron et al., J. Exp. Med. , 176:1191-1195 

(1992) ; Shopes, J. Immunol. , 148:2918-2922 (1992). Homodimeric 
antibodies may also be prepared using heterobifunctional cross- 
linkers as described in Wolff et al., Cancer Research , 53:2560-2565 

(1993) . Ghetie et al., Proc . Natl. Acad. Sci . , 94:7509-7514 
(1997), further describe preparation of IgG-IgG homodimers and 
disclose that such homodimers can enhance apoptotic activity as 
compared to the monomers. Alternatively, the antibodies can be 
engineered to have dual Fc regions [see, Stevenson et al., Anti- 
Cancer Drug Design , 3:219-230 (1989)]. 

It may be desirable to modify the amino acid sequences 
of the antibodies disclosed herein. Sequences within the scFv 
complementary determining or linker regions (as shown in Figure 16) 
may be modified for instance to modulate the biological activities 
of these antibodies. Variations in the full-length scFv sequence or 
in various domains of the scFv molecules described herein, can be 
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made, for example, using any of the techniques and guidelines for 
conservative and non-conservative mutations set forth, for 
instance, in U.S. Pat. No. 5,364,934. Variations may be a 
substitution, deletion or insertion of one or more codons encoding 
a scFv that results in a change in the amino acid sequence of the 
scFv as compared with the native sequence scFv. Optionally, the 
variation is by substitution of at least one amino acid with any 
other amino acid in one or more of 1 the domains of the scFv 
molecule. The variations can be made using methods known in the 
art such as oligonucleotide-mediated (site-directed) mutagenesis, 
alanine scanning, and PCR mutagenesis. Site-directed mutagenesis 
[Carter et al., Nucl. Acids Res. , 13:4331 (1986); Zoller et al . , 
Nucl . Acids Res . . 10:6487 (1987)], cassette mutagenesis [Wells et 
al., Gene , 34:315 (1985)], restriction selection mutagenesis [Wells 
et al., Philos. Trans. R. Soc. London SerA , 317:415 (1986)] or 
other known techniques can be performed on the cloned DNA to 
produce the scFv variant DNA. 

The antibodies may optionally be covalently attached or 
conjugated to one or more chemical groups, A polyol, for example, 
can be conjugated to an antibody molecule at one or more amino acid 
residues, including lysine residues as disclosed in WO 93/00109. 
Optionally, the polyol is a poly (alkelene glycol), such as 
poly (ethylene glycol) (PEG), however, those skilled in the art 
recognize that other polyols, such as, for example, poly (propylene 
glycol) and polyethylene -polypropylene glycol copolymers, can be 
employed using techniques for conjugating PEG to polypeptides. A 
variety of methods for pegylating polypeptides have been described. 
See, e.g. U.S. Patent No. 4,179,337 which discloses the conjugation 
of a number of hormones and enzymes to PEG and polypropylene glycol 
to produce physiologically active compositions having reduced 
immunogenic i ties . 

The antibodies may also be fused or linked to another 
heterologous polypeptide or amino acid sequence such as an epitope 
tag. Epitope tag polypeptides and methods of their use are 
described above in Section A, paragraph 8. Any of the tags 
described herein may be linked to the antibodies. The Examples 
below, for instance, describe His-tagged and gD-tagged single-chain 
antibodies. 
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D. Therapeutic Uses for Apo-2 Antibodies 
The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be employed 
to activate or stimulate apoptosis in cancer cells. Accordingly, 
5 the invention provides methods for treating cancer using such Apo- 
2 antibodies. ~It is of course contemplated that the methods of 
the invention can be employed in combination with still other 
therapeutic techniques such as surgery. 

The agonist is preferably administered to the mammal in 

10 a carrier. Suitable carriers and their formulations are described 
in Remington 1 s Pharmaceutical Sciences , 16th ed. , 19&0, Mack 
Publishing Co., edited by Oslo et al. Typically, an appropriate 
amount of a pharmaceutically-acceptable salt is used in the 
formulation to render the formulation isotonic. Examples of a 

15 pharmaceutically-acceptable carrier include saline, Ringer's 
solution and dextrose solution. The pH of the solution is 
preferably from about 5 to about 8, and more preferably from about 
7 to about 7.5. Further carriers include sustained release 
preparations such as semipermeable matrices of solid hydrophobic 

20 polymers containing the agonist, which matrices are in the form of 
. shaped articles, e.g., films, liposomes or microparticles. It 
will be apparent to those persons skilled in the art that certain 
carriers may be more preferable depending upon, for instance, the 
route of administration and concentration of agonist being 

25 administered. 

The agonist antibody can be administered to the mammal 
by injection (e.g., intravenous, intraperitoneal, subcutaneous, 
intramuscular) , or by other methods such as infusion that ensure 
its delivery to the bloodstream in an effective form. The agonist 

30 may also be administered by intratumoral, peritumoral, 
int rales ional, or perilesional routes, to exert local as well as 
systemic therapeutic effects. Local or intravenous injection is 
preferred. 

Effective dosages and schedules for administering the 
35 agonist antibody may be determined empirically, and making such 
determinations is within the skill in the art. Those skilled in 
the art will understand that the dosage of agonist that must be 
administered will vary depending on, for example, the mammal which 
will receive the agonist, the route of administration, the 
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particular type of agonist used and other drugs being administered 
to the mammal. Guidance in selecting appropriate doses for 
antibody agonists is found in the literature on therapeutic uses 
of antibodies, e.g., Handbook of Monoclonal Antibodies , Ferrone et 
al., eds., Noges Publications, Park Ridge, N.J., (1985) ch. 22 and 
pp. 303-357; Smith et al., Antibodies in Human Diacmosis and 
Therapy , Haber et al., eds., Raven Press, New York (1977) pp. 365- 
389. A typical daily dosage of the agonist used alone might range 
from about 1 Jig/kg to up to 100 mg/kg of body weight or more per 
day, depending on the factors mentioned above. 

The agonist antibody may also be administered to the 
mammal in combination with effective amounts of one or more other 
therapeutic agents or in conjunction with radiation treatment. 
Therapeutic agents contemplated include chemotherapeutics as well 
as immunoadjuvants and cytokines. Chemotherapies contemplated by 
the invention include chemical substances or drugs which are known 
in the art and are commercially available, such as Doxorubicin, 5- 
Fluorouracil, Cytosine arabinoside ("Ara-C"), Cyclophosphamide, 
Thiotepa, Busulfan, Cytoxin, Taxol, Methotrexate, Cisplatin, 
Melphalan, Vinblastine and Carboplatin. The agonist may be 
administered sequentially or concurrently with the one or more 
other therapeutic agents. The amounts of agonist and therapeutic 
agent depend, for example, on what type of drugs are used, the 
cancer being treated, and the scheduling and routes of 
administration but would generally be less than if each were used 
individually. 

Following administration of agonist to the mammal, the 
mammal's cancer and physiological condition can be monitored in 
various ways well known to the skilled practitioner. For 
instance, tumor mass may be observed physically or by standard x- 
ray imaging techniques. 

The Apo-2 antibodies of the invention may also be useful 
in enhancing immune -mediated cell death in cells expressing Apo-2, 
for instance, through complement fixation or ADCC. Alternatively, 
antagonistic antibodies may be used to block excessive apoptosis 
(for instance in neurodegenerative disease) or to block potential 
autoimmune/inflammatory effects of Apo-2 resulting from NF-kB 
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activation. Such antagonistic antibodies can be utilized according 
to the therapeutic methods and techiques described above. 

E. Non-therapeutic Uses for Apo-2 Antibodies 
Apo-2 antibodies may further be used in diagnostic 
assays for Apo-2, e.gr., detecting its expression in specific cells, 
tissues, or serum. Various diagnostic assay techniques known in 
the art may be used, such as competitive binding assays, direct or 
indirect sandwich assays and immunoprecipitation assays conducted 
in either heterogeneous or homogeneous phases [Zola, Monoclonal 
Antibodies: A Manual of Techniques , CRC Press, Inc. (1987) pp. 147- 
158] . The antibodies used in the diagnostic assays can be labeled 
with a detectable moiety. The detectable moiety should be capable 
of producing, either directly or indirectly, a detectable signal. 
For example, the detectable moiety may be a radioisotope, such as 
3 H, 14 C, 32 P, 35 S, or l25 I, a fluorescent or chemiluminescent compound, 
such as fluorescein isothiocyanate , rhodamine, or luciferin, or an 
enzyme, such as alkaline phosphatase, beta-galactosidase or 
horseradish peroxidase. Any method known in the art for 
conjugating the antibody to the detectable moiety may be employed, 
including those methods described by Hunter et al., Nature , 144:945 
(1962); David et al., Biochemistry , 13:1014 (1974); Pain et al. , 
J . Immunol. Meth. , 40:219 (1981); and Nygren, J. Histochem. and 
Cvtochem. , 30:407 (1982). 

Apo-2 antibodies also are useful for the affinity 
purification of Apo-2 from recombinant cell culture or natural 
sources. In this process, the antibodies against Apo-2 are 
immobilized on a suitable support, such as Sephadex resin or filter 
paper, using methods well known in the art. The immobilized 
antibody then is contacted with a sample containing the Apo-2 to be 
purified, and thereafter the support is washed with a suitable 
solvent that will remove substantially all the material in the 
sample except the Apo-2, which is bound to the immobilized 
antibody. Finally, the support is washed with another suitable 
solvent that will release the Apo-2 from the antibody. 

F. Kits Containing Apo-2 or Apo-2 Antibodies 
In a further embodiment of the invention, there are 
provided articles of manufacture and kits containing Apo-2 or Apo-2 
antibodies which can be used, for instance, for the therapeutic or 
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non-therapeutic applications described above. The article of 
manufacture comprises a container with a label ♦ Suitable 
containers include, for example, bottles, vials, and test tubes. 
The containers may be formed from a variety of materials such as 
5 glass or plastic. The container holds a composition which includes 
an active agent that is effective for therapeutic or non- 
therapeutic applications, such a§ described above. The active 
agent in the composition is Apo-2 or an Apo-2 antibody. The label 
on the container indicates that the composition is used for a 
10 specific therapy or non- therapeutic application, and may also 
indicate directions for either in vivo or in vitro use, such as 
those described above. 

63 The kit of the invention will typically comprise the 

O 

Iff container described above and one or more other containers 

15 comprising materials desirable from a commercial and user 

yj" standpoint, including buffers, diluents, filters, needles, 

W" syringes, and package inserts with instructions for use. 

s 

; . ***************************** 

H The following examples are offered for illustrative 

20 purposes only, and are not intended to limit the scope of the 

C3 present invention in any way. 

la 

All patent and literature references cited in the 
present specification are hereby incorporated by reference in their 
entirety. 

25 

EXAMPLES 

All restriction enzymes referred to in the examples were 
purchased from New England Biolabs and used according to 
manufacturer's instructions. All other commercially available 
30 reagents referred to in the examples were used according to 
manufacturer's instructions unless 'otherwise indicated. The source 
of those cells identified in the following examples, and throughout 
the specification, by ATCC accession numbers is the American Type 
Culture Collection, Manassas, VA. 



35 



EXAMPLE 1 

Isolation of cDNA clones Encoding Human Apo-2 
Expressed sequence tag (EST) DNA databases (LIFESEQ™, 
Incyte Pharmaceuticals, Palo Alto, CA) were searched and an EST was 
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identified which showed homology to the death domain of the Apo-3 
receptor [Marsters et al., Curr. Biol. , 6:750 (1996)]. Human 
pancreas and kidney lgtlO bacteriophage cDNA libraries (both 
purchased from Clontech) were ligated into pRK5 vectors as follows. 
5 Reagents were added together and incubated at 16°C for 16 hours: 5X 
T4 ligase buffer (3 ml); pRK5, Xhol, Notl digested vector, 0.5 mg, 
1 ml); cDNA (5 ml) and distilled water (6 ml). Subsequently, 
additional distilled water (70 ml) and 10 mg/ml tRNA (0.1 ml) were 
added and the entire reaction was extracted through 
10 phenol : chloroform :isoamyl alcohol (25:24:1). The aqueous phase was 
removed, collected and diluted into 5M NaCl (10 ml) and absolute 
ethanol (-20°C, 250 ml). This was then centrifuged for 20 minutes 
r: at 14,000 x g, decanted, and the pellet resuspended into 70% 

kss* 

ethanol (0.5 ml) and centrifuged again for 2 minutes at 14,000 x g. 
15 The DNA pellet was then dried in a speedvac and eluted into 
distilled water (3 ml) for use in the subsequent procedure. 
^ The ligated cDNA/pRK5 vector DNA prepared previously was 

:U chilled on ice to which was added electrocompetent DH10B bacteria 

(Life Tech., 20 ml). The bacteria vector mixture was then 
fy 20 electroporated as per the manufacturers recommendation. 

Subsequently SOC media (1 ml) was added and the mixture was 
incubated at 37°C for 30 minutes. The transf ormants were then 
plated onto 20 standard 150 mm LB plates containing ampicillin and 
incubated for 16 hours (37°C) to allow the colonies to grow. 
25 Positive colonies were then scraped off and the DNA isolated from 
the bacterial pellet using standard CsCl-gradient protocols. 

An enriched 5'-cDNA library was then constructed to 
obtain a bias of cDNA fragments which preferentially represents the 
5' ends of cDNA's contained within the library. 10 mg of the 
30 pooled isolated full-length library plasmid DNA (41 ml) was 
combined with Not 1 restriction buffer (New England Biolabs, 5 ml) 
and Not 1 (New England Biolabs, 4 ml) and incubated at 37°C for one 
hour. The reaction was extracted through phenol: chloroform risoamyl 
alcohol (25:24:1, 50 ml), the aqueous phase removed, collected and 
35 resuspended into 5M NaCl (5 ml) and absolute ethanol <-20°C, 150 
ml). This was then centrifuged for 20 minutes at 14,000 x g, 
decanted, resuspended into 70% ethanol (0.5 ml) and centrifuged 
again for 2 minutes at 14,000 x g. The supernatant was then 



-63- 



P1101R2 

* * t » 

removed, the pellet dried in a speedvac and resuspended in 
distilled water (10 ml) . 

The following reagents were brought together and 
incubated at 37°C for 2 hours: distilled water (3 ml); linearized 
5 DNA library (1 mg, 1 ml) ; Ribonucleotide mix (Invitrogen, 10 ml) ; 
transcription buffer (Invitrogen, 2 ml) and Sp6 enzyme mix. The 
reaction was then extracted through phenol: chloroform risoamyl 
alcohol (25:24:1, 50 ml) and the aqueous phase was removed, 
collected and resuspended into 5M NaCl (5 ml) and absolute ethanol 
10 (-20°C, 150 ml) and centrifuged for 20 minutes at 14,000 x g. The 
pellet was then decanted and resuspended in 70% ethanol (0.5 ml), 
M centrifuged again for 2 minutes at 14,000 x g, ' decanted, dried in a 

{5j speedvac and resuspended into distilled water (10 ml) . 

(fl The following reagents were added together and incubated 

Hi 

lj. 15 at 16°C for 16 hours: 5X T4 ligase buffer (Life Tech., 3 ml); pRK5 

'€} Cla-Sal digested vector, 0.5 mg, 1 ml); cDNA (5 ml); distilled 

Hi • 

water (6 ml) . Subsequently, additional distilled water (70 ml) and 
10 mg/ml tRNA (0.1 ml) was added and the entire reaction was 
q extracted through phenol : chloroform :isoamyl alcohol (25:24:1, 100 

f|f 20 ml) . The aqueous phase was removed, collected and diluted by 5M 

y[ NaCl (10 ml) and absolute ethanol (-20°C, 250 ml) and centrifuged 

for 20 minutes at 14,000 x g. The DNA pellet was decanted, 
resuspended into 70% ethanol (0.5 ml) and centrifuged again for 2 
minutes at 14,000 x g. The supernatant was removed and the residue 
25 pellet was dried in a speedvac and resuspended in distilled water 
(3 ml). The ligated cDNA/pSST-amy. 1 vector DNA was chilled on ice 
to which was added electrocompetent DH10B bacteria (Life Tech., 20 
ml) . The bacteria vector mixture was then electroporated as 
recommended by the manufacturer. Subsequently, SOC media (Life 
30 Tech., l ml) was added and the mixture was incubated at 37°C for 30 
minutes. The transformants were then plated onto 20 standard 150 
mm LB plates containing ampicillin and incubated for 16 hours 
(37°C) . Positive colonies were scraped off the plates and the DNA 
was isolated from the bacterial pellet using standard protocols, 
35 e.g. CsCl -gradient . 

The cDNA libraries were screened by hybridization with a 
synthetic oligonucleotide probe: 
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GGGAGCCGCTCATGAGGAAGTTGGGCCTC^TGGACAATGAGATAAAGGTGGCTAAAGCTGAGGCAGC 
GGG (SEQ ID NO: 3) based on the EST. 

Three cDNA clones were sequenced in entirety. The 
overlapping coding regions of the cDNAs were identical except for 
5 codon 410 (using the numbering system for Fig. 1); this position 
encoded a leucine residue (TTG) in both pancreatic cDNAs , and a 
methionine residue (ATG) in the kidney cDNA, possibly due to 
polymorphism. 

The entire nucleotide sequence of Apo-2 is shown in 
10 Figure 1 {SEQ ID NO:2) . Clone 27868 (also referred to as pRK5-Apo- 
2 deposited as ATCC 209021, as indicated below) contains a single 
open reading frame with an apparent translatipnal initiation site 
Q. at nucleotide positions 140-142 [Kozak et al., supra ] and ending at 

U the stop codon found at nucleotide positions 1373-1375 (Fig. 1; SEQ 

rtJ. 15 ID NO:2). The predicted polypeptide precursor is 411 amino acids 

3 long, a type I transmembrane protein, and has a calculated 

molecular weight of approximately 45 kDa. Hydropathy analysis (not 
f shown) suggested the presence of a signal sequence (residues 1-53), 

M followed by an extracellular domain (residues 54-182) , a 

20 transmembrane domain (residues 183-208) , and an intracellular 
domain (residues 209-411) (Fig. 2A; SEQ ID NO:l) . N-terminal amino 
^ acid sequence analysis of Apo-2-IgG expressed in 293 cells showed 

that the mature polypeptide starts at amino acid residue 54, 
indicating that the actual signal sequence comprises residues 1-53. 
25 Apo-2 polypeptide is obtained or obtainable by expressing the 
molecule encoded by the cDNA insert of the deposited ATCC 209021 
vector. 

TNF receptor family proteins are typically characterized 
by the presence of multiple (usually four) cysteine-rich domains in 

30 their extracellular regions each cysteine-rich domain being 

approximately 45 amino acids long -and containing approximately 6, 
regularly spaced, cysteine residues. Based on the crystal 
structure of the type 1 TNF receptor, the cysteines in each domain 
typically form three disulfide bonds in which usually cysteines 1 

35 and 2, 3 and 5, and 4 and 6 are paired together. Like DR4, Apo-2 
contains two extracellular cysteine-rich pseudorepeats (Fig- 2A) , 
whereas other identified mammalian TNFR family members contain 
three or more such domains [Smith et al., Cell , 76:959 (1994)]. 



ru 
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The cytoplasmic region of Apo-2 contains a death domain 
(amino acid residues 324-391 shown in Fig. 1; see also Fig. 2A) 
which shows significantly more amino acid sequence identity to the 
death domain of DR4 (64%) than to the death domain of TNFR1 (30%); 
5 CD95 (19%); or Apo-3/DR3 (29%) (Fig. 2B) . Four out of six death 
domain amino acids that are required for signaling by TNFR1 
[Tartaglia et al. ( supra ] are conserved in Apo-2 while the other 
two residues are semi -conserved (see Fig. 2B) . 

Based on an alignment analysis (using the ALIGN™ 
10 computer program) of the full-length sequence, Apo-2 shows more 
sequence identity to DR4 (55%) than to other apoptosis- linked 
receptors, such as TNFR1 (19%); CD95 (17%); or-Apo-3 (also referred 
to as DR3 , WSL-1 or TRAMP) (29%) . 



W is EXAMPLE 2 

.*i A. Expression of Apo-2 ECD 

Vac 



A soluble extracellular domain (ECD) fusion construct 
was prepared. An Apo-2 ECD (amino acid residues 1-184 shown in 



=. 

W Figure 1) was obtained by PCR and fused to a C- terminal Flag 

ED" 

fd 20 epitope tag (Sigma) . (The Apo-2 ECD construct included residues 183 

and 184 shown in Figure 1 to provide flexibility at the junction, 
even though residues 183 and 184 are predicted to be in the 
transmembrane region) . The Flag epitope- tagged molecule was then 
inserted into pRK5, and expressed by transient transfection into 
25 human 293 cells (ATCC CRL 1573). 

After a 48 hour incubation, the cell supernatants were 
collected and either used directly for co-precipitation studies 
(see Example 3) or subjected to purification of the Apo-2 ECD- Flag 
by affinity chromatography on anti-Flag agarose beads, according to 
30 manufacturer's instructions (Sigma). 

B. Expression of Apo-2 ECD as an Immunoadhesin 
A soluble Apo-2 ECD immunoadhesin construct was 
prepared. The Apo-2 ECD (amino acids 1-184 shown in Fig. 1) was 
35 fused to the hinge and Fc region of human immunoglobulin G x heavy 
chain in pRK5 as described previously [Ashkenazi et al., Proc. 
Natl. Acad. Sci. . 88:10535-10539 (1991)]. The immunoadhesin was 
expressed by transient transfection into human 293 cells and 
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purified from cell supernatants by protein A affinity 
chromatography, as described by Ashkenazi et al., supra . 

EXAMPLE 3 

5 Immunoorecipitation Assay Showing Binding Interaction 

Between Apo-2 and Apo-2 Ligand 
To determine whether Apo-2 and Apo-2L interact or 
associate with each other, supernatants from mock-transfected 293 
cells or from 293 cells transfected with Apo-2 ECD-Flag (described 
10 in Example 2 above) (5 ml) were incubated with 5 pg poly-histidine- 
tagged soluble Apo-2L [Pitti et al., supra ] for 30 minutes at room 

K&. temperature and then analyzed for complex -formation by a co- 

Q ... 

— I precipitation assay. 

Qt. 

in The samples were subjected to immunoprecipitation using 

ll 15 25 nl anti-Flag conjugated agarose beads (Sigma) or Nickel- 

conjugated agarose beads (Qiagen) . After a 1.5 hour incubation at 
4° C, the beads were spun down and washed four times in phosphate 
M buffered saline (PBS) . By using anti-Flag agarose, the Apo-2L was 

^ precipitated through the Flag- tagged Apo-2 ECD; by using Nickel- 

fd 20 agarose, the Apo-2 ECD was precipitated through the His-tagged Apo- 

Q 

g 2L. The precipitated proteins were released by boiling the beads 

for 5 minutes in SDS-PAGE buffer, resolved by electrophoresis on 
12% polyacrylamide gels, and then detected by immunoblot with anti- 
Apo-2L or ant i- Flag antibody (2 ng/ml) as described in Marsters et 

25 al., J. Biol. Chem. , (1997). 

The results, shown in Figure 3, indicate that the Apo-2 
ECD and Apo-2L can associate with each other. 

The binding interaction was further analyzed by 
purifying Apo-2 ECD from the transfected 293 cell supernatants with 

30 anti-Flag beads (see Example 2) and then analyzing the samples on a 
BIACORE™ instrument. The BIACORE™ analysis indicated a 

dissociation constant (Ka) of about 1 nM. BIACORE™ analysis also 
showed that the Apo-2 ECD is not capable of binding other 
apoptosis- inducing TNF family members, namely, TNF-alpha 

35 (Genentech, Inc., Pennica et al., Nature, 312:712 (1984), 
lymphotoxin- alpha (Genentech, Inc.), or Fas/Apo-1 ligand (Alexis 
Biochemicals) . The data thus shows that Apo-2 is a specific 
receptor for Apo-2L. 
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EXAMPLE 4 
Induction of Apoptosis by Apo-2 

Because death domains can function as oligomerization 
5 interfaces, over-expression of receptors that contain death domains 
may lead to activation of signaling in the absence of ligand 
[Frazer et al. f supra , Nagata et al., supra ] . To determine whether 
Apo-2 was capable of inducing cell death, human 293 cells or HeLa 
cells (ATCC CCL 2.2) were transiently transfected by calcium 
io phosphate precipitation (293 cells) or electroporation (HeLa cells) 
with a pRK5 vector, or pRK5 -based plasmids encoding Apo-2 and/or 
: s CrmA. When applicable, the total amount of plasmid DNA was 

Q adjusted by adding vector DNA. Apoptosis was assessed 24 hours 

~% after transfection by morphology (Fig. 4A) ; DNA fragmentation (Fig. 

Us 

f|| 15 4B) ; or by FACS analysis of phosphatydilserine exposure (Fig. 4C) 

t ^ as described in Marsters et al., Curr. Biol. , 6:1669 (1996). As 

(B shown in Figs. 4A and 4B, the Apo-2 transfected 293 cells underwent 

f'. marked apoptosis. 

M For samples assayed by FACS, the HeLa cells were co- 

Sj* 20 transfected with pRK5-CD4 as a marker for transfection and 

Q apoptosis was determined in CD4- expressing cells; FADD was co- 

trans fee ted with the Apo-2 plasmid; the data are means + SEM of at 
least three experiments, as described in Marsters et al., Curr. 
Biol . . 6: 1669 (1996) . The caspase inhibitors, DEVD-fmk (Enzyme 
25 Systems) or z-VAD-fmk (Research Biochemicals Intl.) were added at 
200 uM at the time of transfection. As shown in Fig. 4C, the 
caspase inhibitors CrmA, DEVD-fmk, and z-VAD-fmk blocked apoptosis 
induction by Apo-2, indicating the involvement of Ced-3-like 
proteases in this response. 
.30 FADD is an adaptor protein that mediates apoptosis 

activation by CD95, TNFR1, and ApO-3/DR3 [Nagata et al . , supra ] , 
but does not appear necessary for apoptosis induction by Apo-2L 
[Marsters et al . , supra ] or by DR4 [Pan et al . , supra ] . a 
dominant -negative mutant form of FADD, which blocks apoptosis 
35 induction by CD95, TNFR1, or Apo-3/DR3 [Frazer et al., supra ; 
Nagata et al., supra ; Chinnayian et al., supra ] did not inhibit 
apoptosis induction by Apo-2 when co-transfected into HeLa cells 
with Apo-2 (Fig. 4C) . These results suggest that Apo-2 signals 
apoptosis independently of FADD. Consistent with this conclusion, 
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a glutathione-S-transferase fusion protein containing the Apo-2 
cytoplasmic region did not bind to in vitro transcribed and 
translated FADD (data not shown) . 

EXAMPLE 5 

Inhibition of Apo-2L Activity by Soluble Apo-2 ECD 
Soluble Apo-2L (0.5 ng/ml, prepared as described in 
Pitti et al., supra ) was pre-incubated for 1 hour at room 
temperature with PBS buffer or affinity-purified Apo-2 ECD (5 
[iq/ml) together with anti-Flag antibody (Sigma) (1 jig/ml) and added 
to HeLa cells. After a 5 hour incubation, the cells were analyzed 
for apoptosis by FACS (as above) (Fig. 4D) . 

Apo-2L induced marked apoptosis in HeLa cells, and the 
soluble Apo-2 ECD was capable of blocking Apo-2L action (Fig. 4D) , 
confirming a specific interaction between Apo-2L and Apo-2. 
Similar results were obtained with the Apo-2 ECD immunoadhesin 
(Fig. 4D) . Dose-response analysis showed half -maximal inhibition 
at approximately 0.3 nM Apo-2 immunoadhesin (Fig. 4E) . 

m 20 EXAMPLE 6 

2 Activation of NF-KB by Apo-2 

An assay was conducted to determine whether Apo-2 
activates NF-kB. 

HeLa cells were transfected with pRK5 expression 
25 plasmids encoding full-length native sequence Apo-2, DR4 or Apo-3 
and harvested 24 hours after transfection. Nuclear extracts were 
prepared and 1 jig of nuclear protein was reacted with a 32 P- labelled 
NF-kB -specific synthetic oligonucleotide probe 

ATCAGGGACTTTCCGCTGGGGACTTTCCG (SEQ ID NO: 4) [see, also, MacKay et 
30 al., J . Immunol . . 153:5274-5284 (1994)], alone or together with a 
50 -fold excess of unlabelled probe, or with an irrelevant 32 P- 
labelled synthetic oligonucleotide 

AGGATGGGAAGTGTGTGATATATCCTTGAT (SEQ ID NO: 5). In some samples, 
antibody to p65/RelA subunits of NF-kB (1 ^ig/ml; Santa Cruz 
35 Biotechnology) was added. DNA binding was analyzed by an 
electrophoretic mobility shift assay as described by Hsu et al., 
supra ; Marsters et al. f supra , and MacKay et al., supra . 



10 



15 



69- 



P1101R2 

The results are shown in Fig. 5. As shown in Fig. 5A, 
upon transfection into HeLa cells, both Apo-2 and DR4 induced 
significant NF-kB activation as measured by the electrophoretic 
mobility shift assay; the level of activation was comparable to 
5 activation observed for Apo-3/DR3. Antibody to the p65/RelA 
subunit of NF-kB inhibited the mobility of the NF-kb probe, 
implicating p6 5 in the response to all 3 receptors. 

An assay was also conducted to determine if Apo-2L 
itself can regulate NF-kB activity. HeLa cells or MCF7 cells (human 
10 breast adenocarcinoma cell line, ATCC HTB 22) were treated with PBS 
buffer, soluble Apo-2L (Pitti et al., supra ) or TNF-alpha 
(Genentech, Inc., see Pennica et al., Nature' ; 312:721 (1984)) (l 
jig/ml) and assayed for NF-kB activity as above. The results are 
shown in Fig. 5B. The Apo-2L induced a significant NF-kB activation 
Si IS in the treated HeLa cells but not in the treated MCF7 cells; the 

TNF-alpha induced a more pronounced activation in both cell lines. 
Several studies have disclosed that NF-kB activation by TNF can 
protect cells against TNF- induced apoptosis [Nagata, supra ] . 

The effects of a NF-kB inhibitor, ALLN (N-acetyl-Leu- 



I 

O 



20 Leu-norleucinal) and a transcription inhibitor, cyclohexamide, were 



!** also tested. The HeLa cells (plated in 6 -well dishes) were 

preincubated with PBS buffer, ALLN (Calbiochem) (40 fig/ml) or 
cyclohexamide (Sigma) (50 jig/ml) for 1 hour before addition of Apo- 
2L (1 |ig/ml) . After a 5 hour incubation, apoptosis was analyzed by 
25 FACS (see Fig. 5C) . 

The results are shown in Fig. 5C. Both ALLN and 
cyclohexamide increased the level of Apo-2L- induced apoptosis in 
the HeLa cells. The data indicates that Apo-2L can induce 

protective NF-KB-dependent genes. The data also indicates that Apo- 
30 2L is capable of activating NF-kB in certain cell lines and that 
both Apo-2 and DR4 may mediate that function. 

EXAMPLE 7 

Expression of Apo-2 in Mammalian Tissues 
35 A. Northern Blot Analysis 

Expression of Apo-2 mRNA in human tissues was examined 
by Northern blot analysis. Human RNA blots were hybridized to a 
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4.6 kilobase 32 P-labelled DNA probe based on the full length Apo-2 
cDNA; the probe was generated by digesting the pRK5-Apo-2 plasmid 
with EcoRI. Human fetal RNA blot MTN (Clontech) , human adult RNA 
blot MTN- II (Clontech) , and human cancer cell line RNA blot 
(Clontech) were incubated with the DNA probes. Blots were 
incubated Wich'-the probes in hybridization buffer (5X SSPE; 2X 
Denhardt's solution; 100 mg/mL denatured sheared salmon sperm DNA; 
50% formamide; 2% SDS) for 60 hours at 42°C. The blots were washed 
several times in 2X SSC; 0.05% SDS for 1 hour at room temperature, 
followed by a 30 minute wash in 0.1X SSC; 0.1% SDS at 50°C. The 
blots were developed after overnight exposure. 

As shown in Fig. 6A, a predominant mRNA transcript of 
approximately 4.6kb was detected in multiple tissues. Expression 
was relatively high in fetal and adult liver and lung, and in adult 
ovary and peripheral blood leukocytes (PBL) , while no mRNA 
expression was detected in fetal and adult brain. Intermediate 
levels of expression were seen in adult colon, small intestine, 
testis, prostate, thymus, pancreas, kidney, skeletal muscle, 
placenta, and heart. Several adult tissues that express Apo-2, 
e.g., PBL, ovary, and spleen, have been shown previously to express 
DR4 [Pan et al., supra] , however, the relative levels of expression 
of each receptor mRNA appear to be different. 

As shown in Fig. 6B, Apo-2 mRNA was expressed relatively 
high in 6 of 8 human cancer cell lines examined, namely, HL60 
promyelocytic leukemia, HeLa S3 cervical carcinoma, K562 chronic 
myelogenous leukemia, SW 480 colorectal adenocarcinoma, A549 lung 
carcinoma, and G361 melanoma. There was also detectable expression 
in Burkitt's lymphoma (Raji) cells. Thus, Apo-2 may be useful as a 
target for inducing apoptosis in cancer cells from lymphoid as well 
as non- lymphoid tumors. 

B. In Situ Hybridization 

Expression of Apo-2 in normal and in cancerous human 
tissues was examined by in situ hybridization. In addition, 
several different chimp and rhesus monkey tissues were examined for 
Apo-2 expression. These tissues included; human fetal tissues 
(E12-E16 weeks) - placenta, umbilical cord, liver, kidney, adrenal 
gland, thyroid, lung, heart, great vessels, esophagus, stomach, 
small intestine, spleen, thymus, pancreas, brain, eye, spinal cord, 
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body wall, pelvis and lower limb; adult human tissues - kidney, 
bladder, adrenal gland, spleen, lymph node, pancreas, lung, skin, 
retina, liver; chimp tissues - salivary gland, stomach, thyroid, 
parathyroid, tongue, thymus, ovary, lymph node, and peripheral 
5 nerve; rhesus monkey tissues - cerebral cortex, hippocampus, 
cerebellum and'" penis; human tumor tissue - lung adenocarcinoma, 
testis, lung carcinoma, breast carcinoma, fibroadenoma, soft tissue 
sarcoma . 

Tissue samples were paraffin-embedded and sectioned. 
. 10 Later, the sectioned tissues were deparaf f inized and the slides 
placed in water. The slides were rinsed twice for five minutes at 
room temperature in 2X SSC. After rinsing, the slides were placed 
in 20 ng/ml proteinase K (in Rnase-free buffer) for 15 minutes at 
37 °C (for fetal tissues) or' 8X proteinase K for 30 minutes at 37 °C 
RJ 15 (for formalin tissues). The slides were then rinsed again in 0.5X 

J2 5 SSC and dehydrated. Prior to hybridization, the slides were placed 

83 in a plastic box lined with buffer (4X SSC, 50% formamide)- 

saturated filter paper. The tissues were covered with 50 (il 
H hybridization buffer (3.75g Dextran sulfate plus 6 ml water; 

s 

f%i 20 vortexed and heated for 2 minutes; cooled on ice and 18.75 ml 

£3 formamide, 3.75 ml 20X SSC and 9 ml water added) and incubated at 

42 °C for 1 to 4 hours. 

Hybridization was conducted using a 33 P-labelled probe 
consisting of nucleotides 706-1259 of SEQ ID NO: 2. The probe was 
25 added to the slides in hybridization buffer and incubated overnight 
at 55 °C. Multiple washing steps were then performed sequentially 
as follows: twice for 10 minutes at room temperature in 2X SSC, 
EDTA buffer (400 ml 20X SSC, 16 ml 0.25M EDTA) ; once for 30 minutes 
at 37 °C in 20 fig /ml RNase A; twice for 10 minutes at room 
30 temperature in 2X SSC, EDTA buffer; once for 2 hours at 55 °C in 
0.1X SSC, EDTA buffer; twice for 10 minutes at room temperature in 
0.5X SSC. Dehydration was performed for 2 minutes each in 50%, 
70%, 90% EtOH containing 0.3 M NH4AC. Finally, the slides were air- 
dried for 2 hours and exposed to film. 
35 Expression of Apo-2 in the fetal tissues appeared 

strongest over hepatocytes in liver, developing glomeruli in 
kidney, adrenal cortex, and epithelium of gastrointestinal tract. 
Moderate expression was observed over epithelial cells in lung and 
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at sites of vascularization of a bone growth plate. A relatively 
low level expression was observed over thyroid epithelial cells and 
cells in cardiac ventricles. Expression was observed over lymphoid 
cells in the thymic medulla, developing lymph glands and placenta 
5 cytotrophoblast cells. 

Expression of Apo-2 in adult tissues was observed over 
resting oocytes in primordial follicles and low levels over 
granulosa cells of developing follicles in chimp ovary. Expression 
was observed in cirrhotic livers over hepatocytes at the edge of 
10 nodules (i.e., area of damage, normal adult liver was negative). 
Other tissues were negative for expression, 
u In the cancer tissues examined, Apo-2 expression was 

found in two lung adenocarcinomas and two germ cell tumors of the 

SI 

\p„ testis. Two additional lung carcinomas (one squamous) were 

j*f 15 negative. One of five breast carcinomas was positive (there was 

jg expression in normal breast tissue) . In a fibroadenoma, there 

appeared to be expression over both epithelial and stromal 
L elements. A soft tissue sarcoma was also positive. Other tissues 

examined were negative. 

m 

Q. EXAMPLE 8 



Chromosomal Localization of the Apo-2 gene 
Chromosomal localization of the human Apo-2 gene was 
examined by radiation hybrid (RH) panel analysis. RH mapping was 
25 performed by PCR using a human-mouse cell radiation hybrid panel 
(Research Genetics) and primers based on the coding region of the 
Apo-2 cDNA [Gelb et al., Hum. Genet. , 98:141 (1996)]. Analysis of 
the PCR data using the Stanford Human Genome Center Database 
indicates that Apo-2 is linked to the marker D8S481, with an LOD of 
30 11.05; D8S481 is linked in turn to D8S2055, which maps to human 
chromosome 8p21. A similar analysis of DR4 showed that DR4 is 
linked to the marker D8S2127 (with an LOD of 13.00), which maps 
also to human chromosome 8p21. 

To Applicants 1 present knowledge, to date, no other 
35 member of the TNFR gene family has been located to chromosome 8. 
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EXAMPLE 9 

Preparation of Monoclonal Antibodies Specific for Apo-2 
Balb/c mice (obtained from Charles River Laboratories) 
were immunized by injecting 0.5jig/50jal of an Apo-2 ECD immunoadhesin 
protein (diluted in MPL-TDM adjuvant purchased from Ribi 
Immunochemical Research Inc., Hamilton, MT) 11 times into each hind 
foot pad at 3-4 day intervals. The Apo-2 ECD immunoadhesin protein 
was generated by fusing an extracellular domain sequence of Apo-2 
(amino acids 1-184 shown in Fig. 1) to the hinge and Fc region of 
human immunoglobulin G a heavy chain in pRK5 as described previously 
[Ashkenazi et al., Proc. Natl. Acad. Sci. , 88-10535-10539 (1991)]. 
The immunoadhesin protein was expressed by transient transfection 
into human 293 cells and purified from cell supernatants by protein 
A affinity chromatography, as described by Ashkenazi et al., supra 
(See also Example 2B above) . 

Three days after the final boost, popliteal lymph nodes 
were removed from the mice and a single cell suspension was 
prepared in DMEM media (obtained from Biowhitakker Corp.) 
supplemented with 1% penicillin-streptomycin. The lymph node cells 
were then fused with- murine myeloma cells P3X63AgU.l (ATCC CRL 
1597) using 35% polyethylene glycol and cultured in 96-well culture 
plates. Hybridomas resulting from the fusion were selected in HAT 
medium. Ten days after the fusion, hybridoma culture supernatants 
were screened in an ELISA to test for the presence of monoclonal 
antibodies binding to the Apo-2 ECD immunoadhesin protein. 

In the ELISA, 96-well microtiter plates (Maxisorb; Nunc, 
Kamstrup, Denmark) were coated by adding 50 nl of 2 fig/ml goat anti- 
human IgG Fc (purchased from Cappel Laboratories) in PBS to each 
well and incubating at 4°C overnight. The plates were then washed 
three times with wash buffer (PBS containing 0.05% Tween 20). The 
wells in the microtiter plates were then blocked with 50 \il of 2.0% 
bovine serum albumin in PBS and incubated at room temperature for 1 
hour. The plates were then washed again three times with wash 
buffer. 

After the washing step, 50 \il of 0.4 ng/ml Apo-2 ECD 
immunoadhesin protein (as described above) in assay buffer was 
added to each well. The plates were incubated for 1 hour at room 
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temperature on a shaker apparatus, followed by washing three times 
with wash buffer. 

Following the wash steps, 100 \il of the hybridoma 
supernatant s or purified antibody (using Protein A-sepharose 

5 columns) (1 pg/ml) was added to designated wells in the presence of 
CD4-IgG. 100 |il of P3X63AgU.l myeloma cell conditioned medium was 
added to other designated wells * as cqntrols. The plates were 
incubated at room temperature for 1 hour on a shaker apparatus and 
then washed three times with wash buffer. 

10 Next, 50 nl HRP- conjugated goat anti -mouse IgG Fc 

(purchased from Cappel Laboratories), diluted 1:1000 in assay 
buffer (0.5% bovine serum albumin, 0.05% Tweeh-20, 0.01% Thimersol 
in PBS) , was added to each well and the plates incubated for 1 hour 
at room temperature on a shaker apparatus. The plates were washed 

15 three times with wash buffer, followed by addition of 50 ul of 
substrate (TMB microwell peroxidase substrate, Kirkegaard & Perry, 
Gaithersburg, MD) to each well and incubation at room temperature 
for 10 minutes. The reaction was stopped by adding 50 pi of TMB 1- 
component stop solution (diethyl glycol, Kirkegaard & Perry) to 
. 20 each well, and absorbance at 450 nm was read in an automated 
microtiter plate reader. 

Of the hybridoma supernatants screened in the ELISA, 22 
supernatants tested positive (calculated as approximately 4 times 
above background) . The supernatants testing positive in the ELISA 

25 were further analyzed by FACS analysis using 9D cells (a human B 
lymphoid cell line expressing Apo-2; Genentech, Inc.) and FITC- 
conjugated goat anti-mouse IgG. For this analysis, 25 |xl of cells 
suspended (at 4 X 10 6 cells/ml) in cell sorter buffer (PBS 
containing 1% FCS and 0.02% NaN 3 ) were added to U-bottom microtiter 

30 wells, mixed with 100 ul of culture supernatant or purified 
antibody (purified on Protein A-sepharose columns) (10 fig /ml) in 
cell sorter buffer, and incubated for 30 minutes on ice. The cells 
were then washed and incubated with 100 ^1 FITC- conjugated goat 
anti-mouse IgG for 30 minutes at 4°C. Cells were then washed twice, 

35 resuspended in 150 jil of cell sorter buffer and then analyzed by 
FACScan (Becton Dickinson, Mountain View, CA) . FACS analysis 
showed 8/22 supernatants were positive for anti-Apo-2 antibodies. 
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Figure 7 shows the FACS staining of 9D cells incubated 
with one of the Apo-2 antibodies, referred to as 3F11.39.7. As 
shown in Figure 7, the 3F11.39.7 antibody recognizes the Apo-2 
receptor expressed in 9D cells. 



EXAMPLE 10 

Assay for Ability of Apo-2 Abs to Agonistically induce 
Apoptosis 

Hybridoma supernatants and purified antibodies (as 
described in Example 9 above) were tested for activity to induce 
Apo-2 mediated 9D cell apoptosis. The 9D cells (5 X 10 5 
cells/0. lml) were incubated with varying concentrations of 
antibodies in 100 \il complete RPMI media at 4°C for 15 minutes. The 
cells were then incubated for 5 minutes at 37°C and 10 |ig of goat 
anti-mouse IgG Fc antibody (Cappel Laboratories) in 300 \il of 
complete RPMI was added to some of the cell samples. At this 
point, the cells were incubated overnight at 37°C and in the 
presence of 7% C0 2 . The cells were then harvested and washed once 
with PBS. The viability of the cells was determined by staining of 
FITC-annexin V binding to phosphatidylserine according to 
manufacturer recommendations (Clontech) . The cells were washed in 
PBS and resuspended in 200 pi binding buffer. Ten jxl of annexin-V- 
FITC (1 |ig/ml) and 10 \l\ of propidium iodide were added to the 
cells. After incubation for 15 minutes in the dark, the 9D cells 
were analyzed by FACS. 

As shown in Figure 8, the 3F11.39.7 antibody (in the 
absence of the goat anti -mouse IgG Fc) induced apoptosis in the 9D 
cells as compared to the control antibodies. Agonistic activity, 
however, was enhanced by Apo-2 receptor cross- linking in the 
presence of the goat anti -mouse IgG Fc (see Figure 9) . This 
enhanced apoptosis (Figure 9) by the combination of antibodies is 
comparable to the apoptotic activity of Apo-2L in 9D cells (data 
not shown) . 
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EXAMPLE 11 

Assay for Antibody Ability to Block Apo-2 ligand- induced 
Apoptosis 

Hybridoma supernatants and purified antibodies (as 
described in Example 9 above) were tested for activity to block 
Apo-2 ligand induced 9D cell apoptosis. The 9D cells (5 X 10 s 
cells/0. lml) were suspended in complete RPMI media (RPMI plus 
10%FCS, glutamine, nonessential amino acids, penicillin, 
streptomycin, sodium pyruvate) and placed into individual Falcon 
2052 tubes. Cells were then incubated with 10 of antibodies in 
200 \il media for 15 minutes on ice. 0.2 ml of Apo-2 ligand (2.5 
|ig/ml) (soluble His-tagged Apo-2L prepared as described in WO 
97/25428; see also Pitti et al., supra ) was suspended into complete 
RPMI media, and then added into the tubes containing the 9D cells. 
The 9D cells were incubated overnight at 37°C and in the presence of 
7% C0 2 . The incubated cells were then harvested and washed once with 
PBS. The viability of the cells was determined by staining of 
FITC-annexin V binding to phosphatidylserine according to 
manufacturer recommendations (Clontech) . Specifically, the cells 
were washed in PBS and resuspended in 200 ^il binding buffer. Ten j£L 
of annexin-V-FITC (1 fig/ml) and 10 \Ll of propidium iodide were added 
to the cells. After incubation for 15 minutes in the dark, the 9D 
cells were analyzed by FACS. 

The results are shown in Figure 10. Since 9D cells 
express more than one receptor for Apo-2L, Apo-2L can induce 
apoptosis in the 9D cells by interacting with either Apo-2 or the 
DR4 receptor. Thus, to detect any blocking activity of the Apo-2 
antibodies, the interaction between DR4 and Apo-2L needed to be 
blocked. In combination with the anti-DR4 antibody, 4H6.17.8 (ATCC 
HB-12455), the Apo-2 antibody 3F11.39.7 was able to block 
approximately 50% of apoptosis induced by Apo-2L. The remaining 
approximately 50% apoptotic activity is believed to be due to the 
agonistic activities of these two antibodies by themselves, as 
shown in Figure 10. Accordingly, it is believed that the 3F11.39.7 
antibody is a blocking Apo-2 antibody or an antibody which binds 
Apo-2 in a mode which competes with binding of Apo-2 ligand to Apo- 
2. 
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EXAMPLE 12 

ELISA Assay to Test Binding of Apo-2 Antib odies to Other 
A po-2 Ligand Receptors 

An ELISA was conducted to determine if the monoclonal 
antibody described in Example 9 was able to bind other known Apo-2L 
receptors beside Apo-2. Specifically, the 3F11.39.7 antibody was 
tested for binding to DR4 [Pan et al., supra ] , DcRl [Sheridan et 
al. # supra ] , and DcR2 [Marsters et al., Curr. Biol. , 7:1003-1006 
(1997)]. The ELISA was performed essentially as described in 
Example 9 above. 

The results are shown in Figure 11,. The Apo-2 antibody 
3F11.39.7 bound to Apo-2. The 3F11.39.7 antibody also showed some 
cross -reactivity to DR4 , but not to DcRl or DcR2. 

EXAMPLE 13 
Antibody Isotvpinq 

The isotype of the 3F11.39.7 antibody (as described 
above) was determined by coating microtiter plates with isotype 
specific goat anti-mouse Ig (Fisher Biotech, Pittsburgh, PA) 
overnight at 4°C. The plates were then washed with wash buffer (as 
described in Example 9 above) . The wells in the microtiter plates 
were then blocked with 200 ]il of 2% bovine serum albumin (BSA) and 
incubated at room temperature for one hour. The plates were washed 
again three times with wash buffer. Next, 100 fil of 5 ^ig/ml of 
purified 3F11.39.7 antibody was added to designated wells. The 
plates were incubated at room temperature for 30 minutes and then 
50 \il HRP- conjugated goat anti-mouse IgG (as described above) was 
added to each well. The plates were incubated for 30 minutes at 
room temperature. The level of HRP bound to the plate was detected 
using HRP substrate as described above. 

The isotyping analysis showed that the 3F11.39.7 
antibody is an IgGl antibody. 
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EXAMPLE 14 
Sinale-Chain Apo-2 Antibodies 

A. Antibody Phage Selection using strep tavidin-coated 
paramagnetic beads 

A* phage library was selected using soluble biotinylated 
antigen and s t rep tavidin- coated paramagnetic beads. The antigen, 
an Apo-2 ECD immunoadhesin prepared a£ described in Example 2B 
above, was biotinylated using IMMUNOPURE NHS-biotin (biotiny-N- 
hydroxy-succinimide, Pierce) according to manufacturer's 
instructions. 

Two panning experiments were performed. The first 
experiment was designed to isolate phage clones specific for Apo-2 
and which did not cross react with DR4 or DcRl. Three rounds of 
panning were carried out. For the first round, 10 jil of the' 
Cambridge Antibody Technologies phage library were blocked with 1 
ml of MPBST (3% dry milk powder, IX PBS, 0.2% TWEEN) containing 800 
jig of CD4-Ig f 300 ng DR4-Ig, and 200 jig of DcRl-Ig for 1 hour on a 
rotating wheel at room temperature (CD4-Ig, DR4, and DcRl are 
described in Capon et al., Nature , 337:525 (1989); Pan et al., 
supra ; and Sheridan et al., supra). Biotinylated Apo-2 ECD 
immunoadhesin was then added to a final concentration of 100 nM, 
and phage were allowed to bind antigen for 1 hour at 37 °C. 
Meanwhile, 3 00 |xl of DYNABEADS M-280, coated with streptavidin 
(DYNAL) were washed 3 times with 1 ml MPBST (using a DYNAL Magnetic 
Particle Concentrator) and then blocked for 2 hours at 37 °C with 1 
ml fresh MPBST on a rotator. The beads were collected with the 
MPC, resuspended in 50 \xl of MPBST, and added to the phage-plus- 
antigen solution. Mixing continued on a wheel at room temperature 
for 15 minutes. The DYNABEADS and attached phage were then washed 
a total of 7 times: 3 times with 1 ml PBS -TWEEN, once with MPBS, 
followed by 3 times with PBS. 

Phage were eluted from the beads by incubating 5 minutes 
at room temperature with 300 ^1 of 100 mM triethylamine. The 
phage -containing supernatant was removed and neutralized with 150 
Hi of 1 M Tris-HCl (pH 7.4) . Neutralized phage were used to infect 
mid- log TGI host cells and plated on 2YT agar supplemented with 2% 
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glucose and 100 ng/ml carbenicillin. After overnight growth at 30 
°C, colonies were scraped into 10 ml 2YT. 50 jal of this solution 
was used to inoculate 25 ml of 2YT with carbenicillin and glucose 
and incubated, shaking, for 2 hours at 37 °C. Helper phage M13K07 
5 (Pharmacia) were added at a m.o.i. of 10. After adsorption, the 
cells were pelleted and resuspended in 25 ml of 2YT with 
carbenicillin (100 Hg/ml) and kanamycjin (50 ng/ml) and growth 
continued at 30 °C for 4 hours. E, coli were removed from the phage 
by centrifugation, and 1 ml of these phage (approximately 10 12 
10 c.f .u.) were used in subsequent rounds of selection. 

^ For the second round of selection, the 1 ml of harvested 

Q phage was adjusted to 3% dry milk, IX PBS, 0.2% TWEEN and then 100 

?r fxg DR4-Ig, 65 ^g DcRl-Ig, and 500 \xg of CD4-Ig were added for 

fii blocking. For selection, biotinylated Apo-2 was added at 10 nM. 

^ 15 Washing stringency was increased to two cycles of 7 washes. 

^ For the third round of selection, phage were blocked 

with only MPBST. Biotinylated Apo-2 was added to 1 nM, and washing 
stringency was increased to three cycles of 7 washes. Relatively 
fL! few clones were obtained in this round; therefore Pan 2B, Round 3 

20 was performed using 5 nM of biotinylated Apo-2 with all other 
conditions repeated as before. 

A second panning experiment was performed similarly as 
above except that in Rounds 1 and 2, blocking of phage solutions 
was conducted with MPBST containing 1.0 mg/ml CD4-Ig (no other 
25 immunoadhesins) and Round 3 was blocked with MPBST only. 
Biotinylated Apo-2 was added at 200 nM in Round 1, 60 nM in Round 
2, and 12 nM in Round 3. At each round, phage were eluted from the 
magnetic beads with 300 \xl of 100 nM triethylamine, then with 300 pi 
0,1 M Tris-HCl (pH 7.5), and then with 300 \il glycine-0.1 M HC1 (pH 
30 2.2) containing 1 mg/ml BSA. The phage obtained from the three 
sequential elutions were pooled and used to infect host strain TGI 
as above. 

B. EL ISA screening of selected clones 

After each round of selection, individual 
35 carbenicillin-resistant colonies were screened by ELISA to 
identify those producing Apo-2-binding phage. Only those clones 
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which were positive in two or more assay formats were further 
studied. 

Individual clones were inoculated into 2TY with 2% 
glucose and 100 /ig/ml carbenicillin in 96 -well tissue culture 
plates and grown until turbid. Cultures were then infected at a 
m.o.i. of 10 with M12K07 helper phage, and infected cells were 
transferred to 2YT media containing carbenicillin (100 ^g/ml) and 
kanamycin (50 ^g/ml) for growth overnight at 30°C with gentle 
shaking. 

NUNC MAXISORP microtiter plates were coated with 50 ill 
per well of Apo-2 ECD immunoadhesin, or CD4-IgG, at 2 /zg/ml in 50 
mM carbonate buffer (pH 9.6), at 4°C overnight. After removing 
antigen, plates were blocked with 3% dry milk in PBS (MPBS) for 2 
hours at room temperature. 

Phage cultures were centrifuged and 100 pil of phage- 
containing supernatants were blocked with 20 pi of 6 x PBS / 18% 
dry milk for l hour at room temperature. Block was removed from 
titer plates and blocked phage added and allowed to bind for 1 
hour at room temperature. After washing, phage were detected with 
a 1:5000 dilution of horseradish peroxidase -conjugated anti-M13 
antibody (Pharmacia) in MPBS followed by 3',3',5',5'- 
tetramethylbenzidine (TMB) . Reactions were stopped by the 
addition of H 2 S0 4 and readings taken by subtracting the A^s™ from 

the A^sonm . 

25 C. DNA fingerprinting of clones 

The diversity of Apo-2 -binding clones was determined by 
PCR amplifying the scFv insert using primers pUC19R (5'AGC GGA TAA 
CAA TTT CAC ACA GG 3') (SEQ. ID. NO:12) which anneals upstream of 
the leader sequence and fdtetseq (5'GTC GTC TTT CCA GAC GGT AGT 
30 3') (SEQ. ID. NO: 13) which anneals in the 5' end of gene III, 
followed by digestion with the frequent-cutting restriction enzyme 
BstNl . 

DNA Fingerprinting: Protocol 
35 Mix A: dH20 67 fil 

10 x ampliTaq buffer 10 
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10 



15 



fu 

a 



20 



25 mM MgCl 2 10 

DMSO, 50% 2 

forward primer 1 

Mix B: 2.5 mM dNTPs 8 /il 

AMPLTTAQ 0 . 5 

reverse primer 1.0 



90 fil of Mix A was placed in a reaction tube and then inoculated 
with a very small portion of E. coli colony using a yellow tip. 
The reaction mix was then heated in a PCR block to 98°C, for 3 
minutes, removed, and placed on ice. 10 //l Mix B was then added 
and the reaction mix was thermocycled at 95° C, 30 sec, 55°C 30 
sec, 72°C 1 minute 20 sec, for 25 cycles in a Perkin Elmer 2400 
thermocycler . 10 fil of the resultant reaction product was then 
removed and run on a 1% agarose gel to test for a 1 kB band. The 
remaining mix was brought to 1 x BstNI reaction buffer, 5 units 
BstNI was added and the DNA was allowed to digest for 2 hours at 
60°C. The resultant samples were then electrophoresed on a 
GeneGel Excel 12.5% acrylamide gel (Pharmacia Biotech). 
D. Sequencing of clones 

The nucleotide sequence of representative clones of 
each fingerprint pattern were obtained. Colonies were inoculated 
into 50 ml of LB medium supplemented with 2% glucose and 100 /xg/ml 
carbenicillin, and grown overnight at 30°C. DNA was isolated 
using Qiagen Tip-loOs and the manufacturer's protocol and cycle 
sequenced with fluorescent dideoxy chain terminators {Applied 
Biosys terns) . Samples were run on an Applied Biosys terns 3 73 A 
Automated DNA Sequencer and sequences analyzed using the program 
"Sequencher" (Gene Codes Corporation) • The nucleotides sequences 
of selected antibodies 16E2, 20E6 and 24C4 are shown in SEQ ID 
NO: 6, SEQ ID NO: 7, and SEQ ID NO: 8, respectively, (in Figures 15A, 
15B and 15C respectively) . The corresponding amino acid sequences 
of antibodies 16E2, 20E6 and 24C4 are shown in SEQ ID NO: 9, SEQ ID 
NO:10, and SEQ ID NO: 11, respectively (and in Figure 16). In 
addition, Figure 16 identifies the signal region, and heavy and 
light chain complementarity determining regions (underlined) of 
these scFv molecules. The CDR regions shown in Figure 16 were 
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assigned according to the methods of Kabat et al., ^Sequences of 
Proteins of Immunological Interest/' NIH Publ, No. 91-3242, 5 th 
Edition. 

E. Purification of scFvs with (hish 

For protein purification of soluble antibody, E. coli 
strain 33D3 was transformed with phagemid DNA. Five ml of 2YT 
with carbenicillin and glucose was used .to grow overnight cultures 
at 30°C. 2.5 ml of these cultures were diluted into 250 ml of the 
same media and grown to an OD 600 of approximately 1.2. The cells 
were pelleted and resuspended in 500 ml of 2YT containing IPTG (1 
mM) and carbenicillin (100 /ig/ml) to induce expression and grown 
for a further 16 hours at 22°C. Cell pellets were harvested and 
frozen at -20°C. 

The antibodies were purified by immobilized metal 
chelate affinity chromatography (IMAC) . Frozen pellets were 
resuspended in 10 ml of ice-cold shockate buffer (25 mM TRIS-HC1, 
1 mM EDTA, 500 mM NaCI, 20% sucrose, 1 mM PMSF) by shaking on ice 
for 1 hour. Imidazole was added to 20 mM, and cell debris removed 
by centrifugation. The supernatants were adjusted to ImM MgCl 2 
and 50 mM phosphate buffer pH 7.5. Ni-NTA agarose resin from 
Qiagen was used according to the manufacturer's instructions. The 
resin was equilibrated with 50 mM sodium phosphate buffer pH 7.5, 
500 mM NaCI, 20 mM imidazole, and the shockate added. Binding 
occurred in either a batch mode or on a gravity flow column. The 
resin was then washed twice with 10 bed volumes of equilibration 
buffer, and twice with buffer containing imidazole increased to 
50mM. Elution of proteins was with 50 mM phosphate buffer pH 7.5, 
500 mM NaCI and 250 mM imidazole. Excess salt and imidazole was 
removed on a PD-10 column (Pharmacia), and proteins were 
concentrated using a Centricom 10 to a volume of about 1 ml. 

Concentration was estimated spectrophotometrically 
assuming an A280 nm of 1.0 = 0.6 mg/ml. 

F. Assays to determine binding specificity of anti- 
Apo-2 scFvs 

To evaluate the specificity of each of the scFv clones, 
ELISA assays were performed to evaluate binding of 16E2, 20E6 and 
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24C4 to Apo-2 ECD-Ig, DR4-Ig, DcRl-Ig, DcR2-Ig and CD4-Ig 
(described above and in Example 12) . 

In brief, NUNC ELISA plates were coated with 50 \xl of a 
1 Rg/ml receptor- Ig immunoadhesin molecule in 0.05 M sodium 
5 carbonate buffer, pH 9.5, and allowed to incubate overnight at 
4°C. Plates were then blocked with 285 fil ELISA diluent (PBS 
supplemented with 0.5% BSA, 0.05%- Tween 20, pH 7.4) for at least 
one hour at room temperature. 50 \il of the scFvs were added to 
the plates in a 1:5 serial dilution and allowed to incubate for l 
10 hour at room temperature. After this 1 hour dilution, the plates 
were washed 6 times with PBS/0.05% Tween. After binding to 
q antigen coated plates, soluble scFv was detected by adding 50 ptl 

O of 1 ptg/ml Mab 9E10 (an anti-c-myc antibody; ATCC CRL 1729) per 

m 

Hj well and allowing the plates to incubate for 1 hour at room 

is temperature. After washing the plates 6 times with PBS/0.05% 
gj Tween, 50 \il of a 1:5000 dilution of horseradish peroxidase- 

f_ conjugated anti-Murine IgG antibody (Cappel catalogue: 55569) in 

MPBS was added to the plates and allowed to incubate for l hour. 
St An observable signal was generated by adding 50 Jul of 3',3',5',5'- 

Q 20 tetramethylbenzidine (TMB) peroxidase substrate (KPL catalogue #: 

r= 50-76-00) . Reactions were stopped by the addition of H 2 S0 4 and 

readings taken by subtracting the A4 05nm from the A4s 0nra . 

As illustrated in Figures 12A, 12B and 12C, the ELISA 
assays showed that each of these antibodies exhibited a relatively 
25 high degree of specificity for Apo-2. 

Additional assays utilizing transfected cells also 
showed the specificity of 16E2 antibody for Apo-2. Specifically, 
immunohistochemistry experiments were performed to evaluate the 
binding specificity of the 16E2 antibody to Apo-2 and DR4- 
30 transfected CHO cells. CHO cells were transfected with vector 
alone or vector containing the gene for Apo-2 or DR4 . The 
transfected cells were removed from culture plates, pelleted, and 
washed twice with PBS. The pellets were then resuspended in 
O.C.T. (Fisher), flash frozen in isopentain and LN 2 , and later 
35 sectioned using ctandard protocols. Staining of the sectioned 
cells was performed using a Vectastain Elite ABC kit. The 
sections were incubated with either anti-Apo-2 antibody 16E2 or a 
negative control single chain antibody. The secondary antibody 
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employed was either a biotinylated anti-c-myc 9E10 antibody or 
anti-Penta His antibody (Qiagen) followed by biotinylated anti- 
mouse IgG. 

This immunohistochemistry assay showed specific 
5 staining of the Apo-2- transfected cells but not the DR4- 
transfected" cells. The cellular staining was predominantly 
cytoplasmic. 

EXAMPLE 15 

10 Assay for Ability of His-tagged scFvs to Acronisticallv 

induce Apoptosis 

A. Annexin V-biotin/Streptavidin- [S-351 96 Well Assays 
Purified scFv antibodies (as described in Example 14 
above) were tested for ability to induce Apo-2 mediated apoptosis. 

15 In brief, SK-MES-1 cells (human lung carcinoma cell 

line; ATCC HTB 58) or HCT 116 cells (human colon carcinoma cell 
line; ATCC CCL 247) (4 X 10 4 cells/well) were aliquoted into 96 well 
plates in assay medium (1:1 mixture of phenol -red free Dulbecco 
modified Eagle medium and phenol-red free Ham's F-12 nutrient 

20 mixture supplemented with 10% fetal bovine serum, 2 mM L-glutamine, 
100 U/ml penicillin and 100 ug/ml streptomycin) and allowed to 
attach overnight at 37°C. The media was then removed and 0.1 ml of 
assay medium containing scFv at a final concentration of 50 ug/ml 
(16E2 or 20E6) was added to the wells (serial dilutions of 1:2 

25 performed in the plates) and allowed to incubate for 1 hour at room 
temperature. Other single chain antibodies were used as negative 
controls: an anti-tissue factor scFv clone, 7D5, or a scFv referred 
to as 19B8. After the 1 hour incubation with scFv antibody, 0.1 ml 
of 10 ug/ml anti-His (Qiagen, cat. No. 1007671) or anti-c-myc 

30 antibodies were added to the appropriate wells. Wells not 
receiving a crosslinking antibody received media alone. The plates 
were then allowed to incubate for 30 minutes at room temperature. 
After the 30 minutes incubation, 0.1 ml of 10 ug/ml goat anti-mouse 
IgG (ICN est. No. 67-029) was added to the appropriate wells. 

35 Wells not receiving anti-IgG antibody received media alone. The 
plates were then placed in an incubator for 15 minutes to allow the 
pH to return to 7.0. For positive controls, a 2 ug/ml solution of 
Apo-2 ligand (Apo-2L) (prepared as described in Example 11) in 
potassium phosphate buffer at pH 7.0 was added to the appropriate 
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wells, with serial 2 fold dilutions carried out in the plate. The 
negative control wells received media alone. The cells were then 
incubated overnight at 37°C in the presence of 5% C0 2 . 0.05 ml of 
annexin V-biotin (1 ug/ml) in 2X Ca 2+ binding buffer (NeXins B.V.) 
was then added to the wells and then allowed to mix on a shaker for 
30 minutes/" 0^05 ml of strepavidin- [S-35] (final concentration of 
2.5 x 10 4 cpm/well) (Amersham) in 2X Ca 2+ binding buffer was then 
added to the wells and then allowed to mix on a shaker for 3 0 
minutes. The plates were then sealed and centrifuged for 4 minutes 
at 1500 rpm. To assess the extent of apoptosis, the plates were 
then counted on a Trialux Microbeta Counter (Wallace) to obtain cpm 
values corresponding to Annexin-V binding. 

As shown in Figures 13C and 14B, the 16E2 and 20E6 
antibodies agonistically induced apoptosis in SK-MES-1 cells. 

B. Crystal Violet Assays 

In addition to the annexin V-biotin/streptavidin- [S-35] 
assay described above, scFv antibodies (as described in Example 14 
above) were tested for activity to induce Apo-2 mediated apoptosis 
via assays utilizing crystal violet. 

In brief, the SK-MES-1 cells were plated at 4xl0 4 
cells/well in assay medium (described in Section A above) and 
allowed to attach overnight at 37°C. The medium was removed and 
o.lml of assay medium containing scFv (as described in Section A 
above) at a final concentration of 50 jig/ml was added to the 
appropriate wells (wells without scFv added receive a media 
change) . Selected wells received "pre-complexed" samples in which 
10 ug/ml scFv 16E2 was combined with 100 ug/ml anti-His antibody 
for 5 hours at 4° C with continuous mixing before addition to the 
plate. The plates were allowed to incubate for 1 hour at room 
temperature. 

The scFv medium was removed and 0.1 ml of 10 ^g/ml anti- 
His (Qiagen, cat. no. 1007671) or anti-c-myc antibodies diluted in 
assay medium was added to the wells (wells without crosslinker 
receive a media change.) The plates were then allowed to incubate 
for 30 minutes at room temperature. 

The medium was then removed and 0.1 ml of 10 ug/ml Goat 
anti-Mouse IgG (Fc Fragment specific-ICN est. no. 67-029) diluted 
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in assay medium was added to the appropriate wells (wells without 
anti-Fc receive a media change) . The plates were then placed in 
the incubator for 15 minutes to allow the pH to return to 7.0. 

Apo-2L (stock at 100 ng/ml in potassium phosphate buffer 
pH 7.0) was diluted to 2 ng/ml and 0.1ml was added to the 
appropriate wells. Serial two-fold dilutions were carried down the 
plate. The plates were then incubated overnight at 37°C. 

All medium was removed from the wells and the plates 
were then flooded with crystal violet solution. The plates were 
allowed to stain for 15 minutes. The crystal violet was removed by 
flooding the plates with running tap water. The plates were then 
allowed to dry overnight. 

The plates were read on an SLT plate reader at 540nm and 
the data analyzed using an Excel macro and 4p-fit. 

As shown in Figures 13 A, 13B, 14A and 14B, the 16E2 and 
20E6 antibodies agonistically induced apoptosis in SK-MES-1 cells. 

EXAMPLE 16 

Assay for Ability of gD-tagged scFvs to Agonist ically Induce 
Apoptosis 

A purified gD- tagged form of 16E2 scFv was tested for 
ability to induce Apo-2 mediated apoptosis in a crystal violet 
assay as described in Example 15 above. 

A. Construction of scFv with gD tag 

The Sfi I to Not I fragment of the scFv form of 16E2 
was subcloned into a derivative of pAK19 (Carter et al., Methods : A 
Companion to Methods in Enzvmology , 3:183-192 (1991)) containing 
the phoA promoter and stll signal sequence rather than the lacz 
promoter and hybrid signal sequence of the original library. For 
ease of purification, a DNA fragment coding for 12 amino acids 
(met-ala-asp-pro-asn-arg-phe-arg-gly-lys-asp-leu SEQ ID NO: 14) 
derived from herpes simplex virus type 1 glycoprotein D (Lasky et 
al., DNA , 3:23-29 (1984)) was synthesized and inserted at the 3' 
end of the VL domain in place of the (his) 6 and c-myc epitope 
originally present in the Cambridge Antibody Technologies library 
clones . 

Expression in E. coli 
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The plasmid containing * the gene for scFv 16E2-gD was 
transformed into £. coli strain 33D3 for expression in shake flask 
cultures. 5 ml of 2YT with carbenicillin and glucose was used to 
grow overnight cultures at 30° C. 2.5 ml of these cultures were 
diluted into 250 ml of the same medium and grown to an OD 600 of 
approximately f.O. The cells were pelleted and resuspended in 500 
ml of Modified AP-5 Minimal Media containing carbenicillin (100 
pg/ml) and grown for an additional 16 hours at 30° C. The cells 
were then pelleted and frozen, 

C. Purification of scFv with gD tacr 

Frozen cell paste was resuspended at lgm/lOml of 
shockate buffer (25 mM Tris-HCl, 1 mM EDTA, 500 mM NaCl, 20% 
sucrose, 1 mM PMSF, pH 7.2) and gently agitated 4 hours on ice. 
The cell suspension was then processed through a Polytron 
microf luidizer (Brinkman) . Cell debris was removed by 

centrifugation at 10,000 x g for 3 0 minutes. After filtration 
through a 0.22 micron filter, the supernatant was loaded onto an 
affinity column (2.5 x 9.0 cm) consisting of an anti-gD antibody 
5B6 (Paborsky et al., Protein Engineering , 3:547-553 (1990)) 
coupled to CNBr Sepharose which had been equilibrated with PBS. 
The column was washed 18 hours with PBS until the absorbance of 
the column effluent was equivalent to baseline. All steps were 
done at 4° C at a linear flow rate of 25 cm/hour. Elution was 
performed with 0.1 M acetic acid, 0.5 M NaCl, pH 2.9. Column 
fractions were monitored by absorbance at 280 nm and peak 
fractions pooled, neutralized with 1.0 M Tris, pH 8.0, dialyzed 
against PBS and sterile filtered. The resultant protein 
preparations were analyzed by non-reducing SDS-PAGE. 

D. Crystal Violet Assay 

The apoptosis assay was performed essentially as 
described in Example 15{B) above except that samples were serially 
diluted 1:3 in the plates and the 16E2-gD tagged antibody was 
tested in addition to two other preparations of 16E2 scFv 
(referred to as Prep. A and Prep. B in Figure 14C) . The results 
of the assay showing apoptosis induction in SK-MES-1 cells by 
16E2-gD antibody are illustrated in Figure 14C. 
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Deposit of Material 

The following materials have been deposited with the 
American Type Culture Collection, 10801 University Boulevard, 
Manassas, Virginia, USA (ATCC) : 

Material ATCC Dep. No. Deposit Date 

pRK5-Apo-2 209021 May 8, 1997 

3F11.39.7 HB-12456 January 13, 

1998 



This deposit was made under the provisions of the 
Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purpose of Patent Procedure and the 



I'd is Regulations thereunder (Budapest Treaty) . This assures maintenance 

SJ. 

of a viable culture of the deposit for 30 years from the date of 
£3 deposit. The deposit will be made available by ATCC under the 

terms of the Budapest Treaty, and subject to an agreement between 
M Genentech, Inc. and ATCC, which assures permanent and unrestricted 

20 availability of the progeny of the culture of the deposit to the 
(H " public upon issuance of the pertinent U.S. patent or upon laying 

^ open to the public of any U.S. or foreign patent application, 

whichever comes first, and assures availability of the progeny to 
one determined by the U.S. Commissioner of Patents and Trademarks 
25 to be entitled thereto according to 35 USC Section 122 and the 
Commissioner's rules pursuant thereto (including 37 CFR Section 
1.14 with particular reference to 886 OG 638) . 

The assignee of the present application has agreed that 
if a culture of the materials on deposit should die or be lost or 
30 destroyed when cultivated under suitable conditions, the materials 
will be promptly replaced on notification with another of the same. 
Availability of the deposited material is not to be construed as a 
license to practice the invention in contravention of the rights 
granted under the authority of any government in accordance with 
. 35 its patent laws. 

The foregoing written specification is considered to be 
sufficient to enable one skilled in the art to practice the 
invention. The present invention is not to be limited in scope by 
the construct deposited, since the deposited embodiment is intended 
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as a single illustration of certain aspects of the invention and 
any constructs that are functionally equivalent are within the 
scope of this invention. The deposit of material herein does not 
constitute an admission that the written description herein 
5 contained is inadequate to enable the practice of any aspect of the 
invention, including the best mode thereof, nor is it to be 
construed as limiting the scope of the claims to the specific 
illustrations that it represents. Indeed, various modifications of 
the invention in addition to those shown and described herein will 
10 become apparent to those skilled in the art from the foregoing 
description and fall within the scope of the appended claims. 
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SEQUENCE LISTING. 

(1) GENERAL INFORMATION: 

5 (i) APPLICANT: Adams, Camilia W. 

Ashkenazi, Avi J. 
Chuntharapai, Anan 
Kim, Kyung J, 

10 (ii) TITLE OF INVENTION: Apo-2 Receptor 

(iii) NUMBER OP SEQUENCES: 14 

(iv) CORRESPONDENCE ADDRESS: 

15 (A) ADDRESSEE: Genentech, Inc. 

(B) STREET: 1 DNA Way 

(C) CITY: South San Francisco 

(D) STATE: California 

(E) COUNTRY: USA 
M 20 (F) ZIP: 94080 

§ (v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE : 3.5 inch, 1.44 Mb floppy disk 

(B) COMPUTER: IBM PC compatible 
25 (C) OPERATING SYSTEM: PC-DOS/MS-DOS 

^ (D) SOFTWARE: WinPatin (Genentech) 

W (vi) CURRENT APPLICATION DATA: 
5 (A) APPLICATION NUMBER: 

30 (B) FILING DATE: 

y (C) CLASSIFICATION: 



(viii) ATTORNEY / AGENT INFORMATION: 

(A) NAME: Marschang, Diane L. 
?f 35 (B) REGISTRATION NUMBER: 35,600 

N> (C) REFERENCE /DOCKET NUMBER: P1101R2 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: 650/225-5416 
40 (B) TELEFAX: 650/952-9881 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 411 amino acids 
45 (B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

50 Met Glu Gin Arg Gly Gin Asn Ala Pro Ala Ala Ser Gly Ala Arg 
15 10 15 

Lys Arg His Gly Pro Gly Pro Arg Glu Ala Arg Gly Ala Arg Pro 
20 25 30 

Gly Leu Arg Val Pro Lys Thr Leu Val Leu Val Val Ala Ala Val 
35 40 45 
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Leu Leu Leu Val Ser Ala Glu Ser Ala Leu He Thr Gin Gin Asp 
60 50 55 60 

Leu Ala Pro Gin Gin Arg Ala Ala Pro Gin Gin Lys Arg Ser Ser 
65 70 75 
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Pro Ser Glu Gly Leu Cys Pro Pro Gly His His lie Ser Glu Asp 
80 85 90 

Gly Arg Asp Cys lie Ser Cys Lys Tyr Gly Gin Asp Tyr Ser Thr 
95 100 105 

His Trp Asn Asp Leu Leu Phe Cys Leu Arg Cys Thr Arg Cys Asp 
110 H5 120 

Ser Gly Glu Val Glu Leu Ser Pro Cys Thr Thr Thr Arg Asn Thr 
125 130 135 

Val Cys Gin Cys Glu Glu Gly Thr Phe Arg Glu Glu Asp Ser Pro 
140 145 150 

Glu Met Cys Arg Lys Cys Arg Thr Gly Cys Pro Arg Gly Met Val 
155 160 165 



Lys Val Gly Asp Cys Thr Pro Trp Ser Asp lie Glu Cys Val His 
170 175 180 

Lys Glu Ser Gly He He He Gly Val Thr Val Ala Ala Val Val 
185 190 195 

Leu He Val Ala Val Phe Val Cys Lys Ser Leu Leu Trp Lys Lys 
200 205 210 

Val Leu Pro Tyr Leu Lys Gly lie Cys Ser Gly Gly Gly Gly Asp 
215 220 225 

Pro Glu Arg Val Asp Arg Ser Ser Gin Arg Pro Gly Ala Glu Asp 
230 235 240 

Asn Val Leu Asn Glu He Val Ser He Leu Gin Pro Thr Gin Val 
245 250 255 

Pro Glu Gin Glu Met Glu Val Gin Glu Pro Ala Glu Pro Thr Gly 
260 265 270 

Val Asn Met Leu Ser Pro Gly Glu Ser Glu His Leu Leu Glu Pro 
275 280 285 

Ala Glu Ala Glu Arg Ser Gin Arg Arg Arg Leu Leu Val Pro Ala 
290 295 300 

Asn Glu Gly Asp Pro Thr Glu Thr Leu Arg Gin Cys Phe Asp Asp 
305 310 315 

Phe Ala Asp Leu Val Pro Phe Asp Ser Trp Glu Pro Leu Met Arg 
320 325 330 

Lys Leu Gly Leu Met Asp Asn Glu He Lys Val Ala Lys Ala Glu 
335 340 345 

Ala Ala Gly His Arg Asp Thr Leu Tyr Thr Met Leu He Lys Trp 
350 355 360 

Val Asn Lys Thr Gly Arg Asp Ala Ser Val His Thr Leu Leu Asp 
365 370 375 

Ala Leu Glu Thr Leu Gly Glu Arg Leu Ala Lys Gin Lys He Glu 
380 " 385 390 

Asp His Leu Leu Ser Ser Gly Lys Phe Met Tyr Leu Glu Gly Asn 
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395 



400 



405 



Ala Asp Ser Ala Xaa Ser 
410 411 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH*: 1799 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 



CCCACGCGTC CGCATAAATC AGCACGCGGC CGGAGAACCC CGCAATCTCT 50 

GCGCCCACAA AATACACCGA CGATGCCCGA TCTACTTTAA GGGCTGAAAC 100 

CCACGGGCCT GAGAGACTAT AAGAGCGTTC CCTACCGCC ATG GAA 145 

Met Glu 
1 

CAA CGG GGA CAG AAC GCC CCG GCC GCT TCG GGG GCC CGG 184 
Gin Arg Gly Gin Asn Ala Pro Ala Ala Ser Gly Ala Arg 
5 10 15 

AAA AGG CAC GGC CCA GGA CCC AGG GAG GCG CGG GGA GCC 223 
Lys Arg His Gly Pro Gly Pro Arg Glu Ala Arg Gly Ala 
20 25 

AGG CCT GGG CTC CGG GTC CCC AAG ACC CTT GTG CTC GTT 262 
Arg Pro Gly Leu Arg Val Pro Lys Thr Leu Val Leu Val 
30 35 40 

GTC GCC GCG GTC CTG CTG TTG GTC TCA GCT GAG TCT GCT 301 
Val Ala Ala Val Leu Leu Leu Val Ser Ala Glu Ser Ala 
45 50 

CTG ATC ACC CAA CAA GAC CTA GCT CCC CAG CAG AGA GCG 340 
Leu He Thr Gin Gin Asp Leu Ala Pro Gin Gin Arg Ala 
55 60 65 

GCC CCA CAA CAA AAG AGG TCC AGC CCC TCA GAG GGA TTG 379 
Ala Pro Gin Gin Lys Arg Ser Ser Pro Ser Glu Gly Leu 
70 75 80 

TGT CCA CCT GGA CAC CAT ATC TCA GAA GAC GGT AGA GAT 418 
Cys Pro Pro Gly His His He Ser Glu Asp Gly Arg Asp 
85 90 

TGC ATC TCC TGC AAA TAT GGA CAG GAC TAT AGC ACT CAC 457 
Cys He Ser Cys Lys Tyr Gly Gin Asp Tyr Ser Thr His 
95 100 105 

TGG AAT GAC CTC CTT TTC TGC TTG CGC TGC ACC AGG TGT 496 
Trp Asn Asp Leu Leu Phe Cys Leu Arg Cys Thr Arg Cys 
110 115 



GAT TCA GGT GAA GTG GAG CTA AGT CCC TGC ACC ACG ACC 535 
Asp Ser Gly Glu Val Glu Leu Ser Pro Cys Thr Thr Thr 
120 125 130 



AGA AAC ACA GTG TGT CAG TGC GAA GAA GGC ACC TTC CGG 574 
Arg Asn Thr Val Cys Gin Cys Glu Glu Gly Thr Phe Arg 
135 140 145 

5 GAA GAA GAT TCT CCT GAG ATG TGC CGG AAG TGC CGC ACA 613 
Glu Glu Asp Ser Pro Glu Met Cys Arg Lys Cys Arg Thr 
150 155 

GGG TGT CCC "AGA^GGG ATG GTC AAG GTC GGT GAT TGT ACA 652 
10 Gly Cys Pro Arg Gly Met Val Lys Val Gly Asp Cys Thr 
160 165 170 

CCC TGG AGT GAC ATC GAA TGT GTC CAC AAA GAA TCA GGC 691 
Pro Trp Ser Asp He Glu Cys Val His Lys Glu Ser Gly 
15 175 180 

ATC ATC ATA GGA GTC ACA GTT GCA GCC GTA GTC TTG ATT 730 
He He He Gly Val Thr Val Ala Ala Val Val Leu He 
185 190 195 
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GTG GCT GTG TTT GTT TGC AAG TCT TTA CTG TGG AAG AAA 769 
Val Ala Val Phe Val Cys Lys Ser Leu Leu Trp Lys Lys 
200 205 210 



fy 25 GTC CTT CCT TAC CTG AAA GGC ATC TGC TCA GGT GGT GGT 808 

SJ Val Leu Pro Tyr Leu Lys Gly He Cys Ser Gly Gly Gly 

S. 215 220 

GGG GAC CCT GAG CGT GTG GAC AGA AGC TCA CAA CGA CCT 847 
=\ 30 Gly Asp Pro Glu Arg Val Asp Arg Ser Ser Gin Arg Pro 

r 225 230 235 

M- 

5? GGG GCT GAG GAC AAT GTC CTC AAT GAG ATC GTG AGT ATC 886 

FU Gly Ala Glu Asp Asn Val Leu Asn Glu He Val Ser He 

O 35 240 245 

TTG CAG CCC ACC CAG GTC CCT GAG CAG GAA ATG GAA GTC 925 
Leu Gin Pro Thr Gin Val Pro Glu Gin Glu Met Glu Val 
250 255 260 

40 

CAG GAG CCA GCA GAG CCA ACA GGT GTC AAC ATG TTG TCC 964 
Gin Glu Pro Ala Glu Pro Thr Gly Val Asn Met Leu Ser 
265 270 275 

45 CCC GGG GAG TCA GAG CAT CTG CTG GAA CCG GCA GAA GCT 1003 
Pro Gly Glu Ser Glu His Leu Leu Glu Pro Ala Glu Ala 
280 285 

GAA AGG TCT CAG AGG AGG AGG CTG CTG GTT CCA GCA AAT 1042 
50 Glu Arg Ser Gin Arg Arg Arg Leu Leu Val Pro Ala Asn 
290 295 300 

GAA GGT GAT CCC ACT GAG ACT CTG AGA CAG TGC TTC GAT 1081 
Glu Gly Asp Pro Thr Glu Thr Leu Arg Gin Cys Phe Asp 
55 ~ 305 310 

GAC TTT GCA GAC TTG GTG CCC TTT GAC TCC TGG GAG CCG 1120 
Asp Phe Ala Asp Leu Val Pro Phe Asp Ser Trp Glu Pro 
315 320 325 



60 



CTC ATG AGG AAG TTG GGC CTC ATG GAC AAT GAG ATA AAG 1159 
Leu Met Arg Lys Leu Gly Leu Met Asp Asn Glu He Lys 
330 335 340 



-94- 



P1101R2 



GTG GCT AAA GCT GAG GCA 
Val Ala Lys Ala Glu Ala 
345 

TAC ACG ATG CTG ATA AAG 
Tyr Thr Met Leu lie Lys 
355 

GAT GCC TCT '&TC'"CAC ACC 
Asp Ala Ser Val His Thr 
370 

CTG GGA GAG AGA CTT GCC 
Leu Gly Glu Arg Leu Ala 
380 385 

TTG TTG AGC TCT GGA AAG 
Leu Leu Ser Ser Gly Lys 
395 

GCA GAC TCT GCC WTG TCC 
Ala Asp Ser Ala Xaa Ser 
410 411 

CCTTCCCTGG TTTACCTTTT TTCTGGAAAA AGCCCAACTG GACTCCAGTC 1450 
AGTAGGAAAG TGCCACAATT GTCACATGAC CGGTACTGGA AGAAACTCTC 1500 
CCATCCAACA TCACCCAGTG GATGGAACAT CCTGTAACTT TTCACTGCAC 1550 
TTGGCATTAT TTTTATAAGC TGAATGTGAT AATAAGGACA CTATGGAAAT 16 00 
GTCTGGATCA TTCCGTTTGT GCGTACTTTG AGATTTGGTT TGGGATGTCA 1650 
TTGTTTTCAC AGCACTTTTT TATCCTAATG TAAATGCTTT ATTTATTTAT 1700 
TTGGGCTACA TTGTAAGATC CATCTACAAA AAAAAAAAAA AAAAAAAAAG 1750 
GGCGGCCGCG ACTCTAGAGT CGACCTGCAG AAGCTTGGCC GCCATGGCC 1799 
(2) INFORMATION FOR SEQ ID NO: 3: 

<i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 70 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 



GGGAGCCGCT CATGAGGAAG TTGGGCCTCA TGGACAATGA GATAAAGGTG 50 
GCTAAAGCTG AGGCAGCGGG 70 
(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 



GCG GGC CAC AGG GAC ACC TTG 1198 
Ala Gly His Arg Asp Thr Leu 
350 

TGG GTC AAC AAA ACC GGG CGA 1237 
Trp Val Asn Lys Thr Gly Arg 
360 365 

CTG CTG GAT GCC TTG GAG ACG 1276 
Leu Leu Asp Ala Leu Glu Thr 
375 

AAG CAG AAG ATT GAG GAC CAC 1315 
Lys Gin Lys lie Glu Asp His 
390 

TTC ATG TAT CTA GAA GGT AAT 1354 
Phe Met Tyr Leu Glu Gly Asn 
400 405 

TAAGTGTG ATTCTCTTCA GGAAGTGAGA 1400 
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ATCAGGGACT TTCCGCTGGG GACTTTCCG 29 
5 (2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE ^Nucleic Acid 
10 <C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 



15 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

AGGATGGGAA GTGTGTGATA TATCCTTGAT 30 

(2) INFORMATION FOR SEQ ID NO:6: 

M 20 (i) SEQUENCE CHARACTERISTICS: 

O (A) LENGTH: 930 base pairs 

p (B) TYPE: Nucleic Acid 

[ft (C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 



^ ATG ACC ATG ATT ACG CCA AGC TTT GGA GCC TTT TTT 36 

H 30 Met Thr Met He Thr Pro Ser Phe Gly Ala Phe Phe 

M 15 10 

o 

m TTG GAG ATT TTC AAC GTG AAA AAA TTA TTA TTC GCA ATT 75 

gj Leu Glu He Phe Asn Val Lys Lys Leu Leu Phe Ala He 

ff 35 15 20 25 

CCT TTA GTT GTT CCT TTC TAT GCG GCC CAG CCG GCC ATG 114 
Pro Leu Val Val Pro Phe Tyr Ala Ala Gin Pro Ala Met 
30 35 

40 

GCC GAG GTG CAG CTG GTG CAG TCT GGG GGA GGT GTG GAA 153 
Ala Glu Val Gin Leu Val Gin Ser Gly Gly Gly Val Glu 
40 45 50 

45 CGG CCG GGG GGG TCC CTG AGA CTC TCC TGT GCA GCC TCT 192 
Arg Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser 
55 60 

GGA TTC ACC TTT GAT GAT TAT GGC ATG AGC TGG GTC CGC 231 
50 Gly Phe Thr Phe Asp Asp Tyr Gly Met Ser Trp Val Arg 
65 70 75 

CAA GCT CCA GGG AAG GGG CTG GAG TGG GTC TCT GGT ATT 270 
Gin Ala Pro Gly Lys Gly Leu Glu Trp Val Ser Gly He 
55 80 85 90 

AAT TGG AAT GGT GGT AGC AC A GGA TAT GCA GAC TCT GTG 309 
Asn Trp Asn Gly Gly Ser Thr Gly Tyr Ala Asp Ser Val 
95 100 
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AAG GGC CGA GTC ACC ATC TCC AGA GAC AAC GCC AAG AAC 348 
Lys Gly Arg Val Thr He Ser Arg Asp Asn Ala Lys Asn 
105 110 115 



-96- 



TCC CTG TAT CTG CAA ATG AAC AGC* CTG RGK GCC 13AG GAC 387 
Ser Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 
120 125 

ACG GCC GTA TAT TAC TGT GCG AAA ATC CTG GGT GCC GGA 426 
Thr Ala Val Tyr Tyr Cys Ala Lys He Leu Gly Ala Gly 
130 135 140 

CGG GGC TGG ..TAC JTC GAT CTC TGG GGG AAG GGG ACC ACG 465 
Arg Gly Trp Tyr' Phe Asp Leu Trp Gly Lys Gly Thr Thr 
145 150 155 

GTC ACC GTC TCG AGT GGT GGA GGC GGT TCA GGC GGA GGT 504 
Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly 
160 165 

GGC AGC GGC GGT GGC GGA TCG TCT GAG CTG ACT CAG GAC 543 
Gly Ser Gly Gly Gly Gly Ser Ser Glu Leu Thr Gin Asp 
170 175 180 

CCT GCT GTG TCT GTG GCC TTG GGA CAG AC A GTC AGG ATC 582 
Pro Ala Val Ser Val Ala Leu Gly Gin Thr Val Arg He 
185 190 

ACA TGC CAA GGA GAC AGC CTC AGA AGC TAT TAT GCA AGC 621 
Thr Cys Gin Gly Asp Ser Leu Arg Ser Tyr Tyr Ala Ser 
195 200 205 

TGG TAC CAG CAG AAG CCA GGA CAG GCC CCT GTA CTT GTC 660 
Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Val Leu Val 
210 215 220 

ATC TAT GGT AAA AAC AAC CGG CCC TCA GGG ATC CCA GAC 699 
He Tyr Gly Lys Asn Asn Arg Pro Ser Gly He Pro Asp 
225 230 

CGA TTC TCT GGC TCC AGC TCA GGA AAC ACA GCT TCC TTG 738 
Arg Phe Ser Gly Ser Ser Ser Gly Asn Thr Ala Ser Leu 
235 240 245 

ACC ATC ACT GGG GCT CAG GCG GAA GAT GAG GCT GAC TAT 777 
Thr He Thr Gly Ala Gin Ala Glu Asp Glu Ala Asp Tyr 
250 255 

TAC TGT AAC TCC CGG GAC AGC AGT GGT AAC CAT GTG GTA 816 
Tyr Cys Asn Ser Arg Asp Ser Ser Gly Asn His Val Val 
260 265 270 

TTC GGC GGA GGG ACC AAG CTG ACC GTC CTA GGT GCG GCC 855 
Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Gly Ala Ala 
275 280 285 

GCA CAT CAT CAT CAC CAT CAC GGG GCC GCA GAA CAA AAA 894 
Ala His His His His His His Gly Ala Ala Glu Gin Lys 
290 295 

CTC ATC TCA GAA GAG GAT CTG AAT GGG GCC GCA TAG 930 
Leu He Ser Glu Glu Asp Leu Asn Gly Ala Ala 
300 305 309 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 939 base pairs 
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(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7; 



ATG ACC ATG ATT ACG CCA AGC TTT GGA GCC TTT TTT 36 
Met Thr "Met'^Ile Thr Pro Ser Phe Gly Ala Phe Phe 
15 10 

TTG GAG ATT TTC AAC GTG AAA AAA TTA TTA TTC GCA ATT 75 
Leu Glu lie Phe Asn Val Lys Lys Leu Leu Phe Ala lie 
15 20 25 

CCT TTA GTT GTT CCT TTC TAT GCG GCC CAG CCG GCC ATG 114 
Pro Leu Val Val Pro Phe Tyr Ala Ala Gin Pro Ala Met 
30 35 

GCC GGG GTG CAG CTG GTG GAG TCT GGG GGA GGC TTG GTC 153 
Ala Gly Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val 
40 45 50 

CAG CCT GGG GGG TCC CTG AGA CTC TCC TGT GCA GCC TCT 192 
Gin Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser 
55 60 

GGA TTC ACC TTT AGT AGC TAT TGG ATG AGC TGG GTC CGC 231 
Gly Phe Thr Phe Ser Ser Tyr Trp Met Ser Trp Val Arg 
65 70 75 

CAG GCT CCA GGG AAG GGG CTG GAG TGG GTG GCC AAC ATA 270 
Gin Ala Pro Gly Lys Gly Leu Glu Trp Val Ala Asn lie 
80 85 90 

AAG CAA GAT GGA AGT GAG AAA TAC TAT GTG GAC TCT GTG 309 
Lys Gin Asp Gly Ser Glu Lys Tyr Tyr Val Asp Ser Val 
95 100 

AAG GGC CGA TTC ACC ATC TCC AGA GAC AAC GCC AAG AAC 348 
Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn 
105 110 115 

TCA CTG TAT CTG CAA ATG AAC AGC CTG AGA GCC GAG GAC 387 
Ser Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 
120 125 

ACG GCT GTG TAT TAC TGT GCG AGA GAT CTT TTA AAG GTC 426 
Thr Ala Val Tyr Tyr Cys Ala Arg Asp Leu Leu Lys Val 
130 135 140 

AAG GGC AGC TCG TCT GGG TGG TTC GAC CCC TGG GGG AGA 465 
Lys Gly Ser Ser Ser Gly Trp Phe Asp Pro Trp Gly Arg 
145 150 155 

GGG ACC ACG GTC ACC GTC TCG AGT GGT GGA GGC GGT TCA 504 
Gly Thr Thr Val Thr Val Ser Ser Gly Gly Gly Gly Ser 
160 165 

GGC GGA GGT GGT AGC GGC GGT GGC GGA TCG TCT GAG CTG 543 
Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Ser Glu Leu 
170 175 180 



ACT CAG GAC CCT GCT GTG TCT GTG GCC TTG GGA CAG ACA 582 
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Thr Gin Asp Pro Ala Val Ser Val Ala Leu Gly Gin Thr 
185 190 

GTC AGG ATC ACA TGC CAA GGA GAC AGC CTC AGA AGC TAT 621 
Val Arg He Thr Cys Gin Gly Asp Ser Leu Arg Ser Tyr 
195 200 205 

TAT GCA AGC TGG TAC CAG CAG AAG CCA GGA CAG GCC CCT 660 
Tyr Ala Ser Trp^Tyr Gin Gin Lys Pro Gly Gin Ala Pro 
210 215 220 

GTA CTT GTC ATC TAT GGT AAA AAC AAC CGG CCC. TCA GGG 699 
Val Leu Val He Tyr Gly Lys Asn Asn Arg Pro Ser Gly 
225 230 

ATC CCA GAC CGA TTC TCT GGC TCC AGC TCA GGA AAC ACA 738 
He Pro Asp Arg Phe Ser Gly Ser Ser Ser Gly Asn Thr 
235 240 245 

GCT TCC TTG ACC ATC ACT GGG GCT CAG GCG GAA GAT GAG 777 
Ala Ser Leu Thr He Thr Gly Ala Gin Ala Glu Asp Glu 
250 255 

GCT GAC TAT TAC TGT AAC TCC CGG GAC AGC AGT GGT AAC 816 
Ala Asp Tyr Tyr Cys Asn Ser Arg Asp Ser Ser Gly Asn 
260 265 270 

CAT GTG GTA TTC GGC GGA GGG ACC AAG CTG ACC GTC CTA 855 
His Val Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu 
275 280 285 

GGT GCG GCC GCA CAT CAT CAT CAC CAT CAC GGG GCC GCA 894 
Gly Ala Ala Ala His His His His His His Gly Ala Ala 
290 295 

GAA CAA AAA CTC ATC TCA GAA GAG GAT CTG AAT GGG GCC 933 

Glu Gin Lys Leu He Ser Glu Glu Asp Leu Asn Gly Ala 
300 305 310 

GCA TAG 939 

Ala 

312 

(2) INFORMATION FOR SEQ ID NO:8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 933 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 



ATG ACC ATG ATT ACG CCA AGC TTT GGA GCC TTT TTT 36 
Met Thr Met He Thr Pro Ser Phe Gly Ala Phe Phe 
15 10 

TTG GAG ATT TTC AAC GTG AAA AAA TTA TTA TTC GCA ATT 75 
Leu Glu He Phe Asn Val Lys Lys Leu Leu Phe Ala He 
15 20 25 

CCT TTA GTT GTT CCT TTC TAT GCG GCC CAG CCG GCC ATG 114 
Pro Leu Val Val Pro Phe Tyr Ala Ala Gin Pro Ala Met 
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35 



GCC CAG GTG CAG CTG GTG CAG TCT GGG GGA GGC GTG GTC 153 
Ala Gin Val Gin Leu Val Gin Ser Gly Gly Gly Val Val 
40 45 50 

CAG CCT GGG CGG TCC CTG AGA CTC TCC TGT GCA GCT TCT 192 
Gin Pro Gly Arg Ser Leu Arg Leu Ser Cys Ala Ala Ser 

"55'" GO 

GGG TTC ATT TTC AGT AGT TAT GGG ATG CAC TGG GTC CGC 231 
Gly Phe He Phe Ser Ser Tyr Gly Met His Trp Val Arg 
65 70 75 

CAG GCT CCA GGC AAG GGG CTG GAG TGG GTG GCA GGT ATT 270 
Gin Ala Pro Gly Lys Gly Leu Glu Trp Val Ala Gly He 
80 85 90 

TTT TAT GAT GGA GGT AAT AAA TAC TAT GCA GAC TCC GTG 309 
Phe Tyr Asp Gly Gly Asn Lys Tyr Tyr Ala Asp Ser Val 
95 100 

AAG GGC CGA TTC ACC ATC TCC AGA GAC AAT TCC AAG AAC 348 
Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ser Lys Asn 
105 110 115 

ACG CTG TAT CTG CAA ATG AAC AGC CTG AGA GCT GAG GAC 387 
Thr Leu Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 
120 125 

ACG GCT GTG TAT TAC TGT GCG AGA GAT AGG GGC TAC TAC 426 
Thr Ala Val Tyr Tyr Cys Ala Arg Asp Arg Gly Tyr Tyr 

130 135 140 

TAC ATG GAC GTC TGG GGC AAA GGG ACC ACG GTC ACC GTC 465 
Tyr Met Asp Val Trp Gly Lys Gly Thr Thr Val Thr Val 
145 150 155 

TCC TCA GGT GGA GGC GGT TCA GGC GGA GGT GGC TCT GGC 504 
Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly 
160 165 

GGT GGC GGA TCG CAG TCT GTG TTG ACG CAG CCG CCC TCA 543 
Gly Gly Gly Ser Gin Ser Val Leu Thr Gin Pro Pro Ser 
170 175 180 

GTG TCT GGG GCC CCA GGA CAG AGG GTC ACC ATC TCC TGC 582 
Val Ser Gly Ala Pro Gly Gin Arg Val Thr He Ser Cys 
185 190 

ACT GGG AGA AGC TCC AAC ATC GGG GCA GGT CAT GAT GTA 621 
Thr Gly Arg Ser Ser Asn He Gly Ala Gly His Asp Val 
195 " 200 205 

CAC TGG TAC CAG CAA CTT CCA GGA ACA GCC CCC AAA CTC 660 
His Trp Tyr Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu 
210 215 220 

CTC ATC TAT GAT GAC AGC AAT CGG CCC TCA GGG GTC CCT 699 
Leu He Tyr Asp Asp Ser Asn Arg Pro Ser Gly Val Pro 
225 230 



GAC CGA TTC TCT GGC TCC AGG TCT GGC ACC TCA GCC TCC 738 
Asp Arg Phe Ser Gly Ser Arg Ser Gly Thr Ser Ala Ser 
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235 240 245 

CTG GCC ATC ACT GGG CTC CAG GCT GAA GAT GAG GCT GAT 777 
Leu Ala lie Thr Gly Leu Gin Ala Glu Asp Glu Ala Asp 
250 255 

TAT TAC TGC CAG TCC TAT GAC AGC AGC CTG AGG GGT TCG 816 
Tyr Tyr Cys Gin Ser Tyr Asp Ser Ser Leu Arg Gly Ser 
260 ~ 265 270 

GTA TTC GGC GGA GGG ACC AAG GTC ACT QTC CTA GGT GCG 855 
Val Phe Gly Gly Gly Thr Lys Val Thr Val Leu Gly Ala 
275 280 285 

15 GCC GCA CAT CAT CAT CAC CAT CAC GGG GCC GCA GAA CAA 894 
Ala Ala His His His His His His Gly Ala Ala Glu Gin 
290 295 

AAA CTC ATC TCA GAA GAG GAT CTG AAT GGG GCC GCA 930 
20 Lys Leu He Ser Glu Glu Asp Leu Asn Gly Ala Ala 
Q 300 305 310 

O 

01 TAG 933 

Hi 

Vj 25 (2) INFORMATION FOR SEQ ID NO: 9: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 309 amino acids 



f . (B) TYPE: Amino Acid 

30 (D) TOPOLOGY: Linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 

Met Thr Met He Thr Pro Ser Phe Gly Ala Phe Phe Leu Glu He 
35 1 5 10 15 

Phe Asn Val Lys Lys Leu Leu Phe Ala He Pro Leu Val Val Pro 
20 25 30 

40 Phe Tyr Ala Ala Gin Pro Ala Met Ala Glu Val Gin Leu Val Gin 

35 40 45 



45 



Ser Gly Gly Gly Val Glu Arg Pro Gly Gly Ser Leu Arg Leu Ser 

50 55 60 

Cys Ala Ala Ser Gly Phe Thr Phe Asp Asp Tyr Gly Met Ser Trp 

65 70 75 



Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val Ser Gly He 
50 80 85 90 

Asn Trp Asn Gly Gly Ser Thr Gly Tyr Ala Asp Ser Val Lys Gly 
95 100 105 

55 Arg Val Thr He Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr Leu 

110 115 120 

Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
125 130 135 



60 



Ala Lys He Leu Gly Ala Gly Arg Gly Trp Tyr Phe Asp Leu Trp 
140 145 150 



Gly Lys Gly Thr Thr Val Thr Val Ser Ser Gly Gly Gly Gly Ser 
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155 160* 165 

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Ser Glu Leu Thr Gin 
170 175 180 

Asp Pro Ala Val Ser Val Ala Leu Gly Gin Thr Val Arg He Thr 
185 190 195 

Cys Gin GlyAsp.-^Ser Leu Arg Ser Tyr Tyr Ala Ser Trp Tyr Gin 
200 205 210 

Gin Lys Pro Gly Gin Ala Pro Val Leu Val He, .Tyr Gly Lys Asn 
215 220 225 

Asn Arg Pro Ser Gly He Pro Asp Arg Phe Ser Gly Ser Ser Ser 
230 235 240 

Gly Asn Thr Ala Ser Leu Thr He Thr Gly Ala Gin Ala Glu Asp 
245 250 255 

Glu Ala Asp Tyr Tyr Cys Asn Ser Arg Asp Ser Ser Gly Asn His 
260 265 270 

Val Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu Gly Ala Ala 
275 280 285 

Ala His His His His His His Gly Ala Ala Glu Gin Lys Leu He 
290 295 300 

Ser Glu Glu Asp Leu Asn Gly Ala Ala 
305 309 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 312 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Met Thr Met He Thr Pro Ser Phe Gly Ala Phe Phe Leu Glu He 
15 10 15 

Phe Asn Val Lys Lys Leu Leu Phe Ala He Pro Leu Val Val Pro 
20 25 30 

Phe Tyr Ala Ala Gin Pro Ala Met Ala Gly Val Gin Leu Val Glu 
35 40 45 

Ser Gly Gly Gly Leu Val Gin Pro Gly Gly Ser Leu Arg Leu Ser 
50 55 60 

Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr Trp Met Ser Trp 
65 70 75 

Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp Val Ala Asn He 
80 85 90 

Lys Gin Asp Gly Ser Glu Lys Tyr Tyr Val Asp Ser Val Lys Gly 
95 100 105 

Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr Leu 
110 115 120 
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Gin Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
125 130 135 

Ala Arg Asp Leu Leu Lys Val Lys Gly Ser Ser Ser Gly Trp Phe 
140 145 * 150 

Asp Pro Trp Gly Arg Gly Thr Thr Val Thr Val Ser Ser Gly Gly 
"155 160 165 

Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Ser Glu 
170 i75 180 

Leu Thr Gin Asp Pro Ala Val Ser Val Ala Leu Gly Gin Thr Val 
185 190 195 

Arg lie Thr Cys Gin Gly Asp Ser Leu Arg Ser Tyr Tyr Ala Ser 
200 205 210 

Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Val Leu Val lie Tyr 
215 220 225 

Gly Lys Asn Asn Arg Pro Ser Gly lie Pro Asp Arg Phe Ser Gly 
230 235 240 

Ser Ser Ser Gly Asn Thr Ala Ser Leu Thr He Thr Gly Ala Gin 
245 250 255 

Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Asn Ser Arg Asp Ser Ser 
260 265 270 

Gly Asn His Val Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu 
275 280 285 

Gly Ala Ala Ala His His His His His His Gly Ala Ala Glu Gin 
290 295 300 

Lys Leu He Ser Glu Glu Asp Leu Asn Gly Ala Ala 
305 310 312 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 310 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Met Thr Met He Thr Pro Ser Phe Gly Ala Phe Phe Leu Glu He 
15 10 15 

Phe Asn Val Lys Lys Leu Leu Phe Ala He Pro Leu Val Val Pro 
20 25 30 

Phe Tyr Ala Ala Gin Pro Ala Met Ala Gin Val Gin Leu Val Gin 
35 40 45 

Ser Gly Gly Gly Val Val Gin Pro Gly Arg Ser Leu Arg Leu Ser 
50 55 60 

Cys Ala Ala Ser Gly Phe He Phe Ser Ser Tyr Gly Met His Trp 
65 70 75 
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Val Arg Gin Ala Pro Gly Lys Gly Leu Glu Trp'Val Ala Gly lie 



80 



85 



Phe Tyr Asp Gly Gly Asn Lys Tyr Tyr Ala Asp Ser Val Lys Gly 
5 95 100 iU3 

Arg Phe Thr lie Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr Leu 
no i 15 120 

10 Gin Met Asn Serpen Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 

125 , 130 

Ala Arg Asp Arg Gly Tyr Tyr Tyr Met Asp Val Trp Gly Lys Gly 
140 145 



15 



20 



25 



30 



35 



Thr Thr Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly 
155 160 165 

Gly Ser Gly Gly Gly Gly Ser Gin Ser Val Leu Thr Gin Pro Pro 



170 



175 



Ser Val Ser Gly Ala Pro Gly Gin Arg Val Thr He Ser Cys Thr 



185 



190 



Gly Arg Ser Ser Asn lie Gly Ala Gly His Asp Val His Trp Tyr 

200 205 

Gin Gin Leu Pro Gly Thr Ala Pro Lys Leu Leu lie Tyr Asp Asp 

215 220 

Ser Asn Arg Pro Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Arg 

230 235 

Ser Gly Thr Ser Ala Ser Leu Ala He Thr Gly Leu Gin Ala Glu 



245 



250 



Asp Glu Ala Asp Tyr Tyr Cys Gin Ser Tyr Asp Ser Ser Leu Arg 

265 



260 



270 



40 Gly Ser Val Phe Gly Gly Gly Thr Lys Val Thr Val Leu Gly Ala 

275 280 

Ala Ala His His His His His His Gly Ala Ala Glu Gin Lys Leu 
290 295 



45 



50 



He Ser Glu Glu Asp Leu Asn Gly Ala Ala 
305 310 

(2) INFORMATION FOR SEQ ID NO: 12: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 
55 (D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



60 AGCGGATAAC AATTTCACAC AGG 23 

(2) INFORMATION FOR SEQ ID NO: 13: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 21 base pairs* «. * 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 



GTCGTCTTTC CAGAGGGTAG T 21 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Met Ala Asp Pro Asn Arg Phe Arg Gly Lys Asp Leu 
1 5 10 12 
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What is claimed is: 

I. Isolated Apo-2 polypeptide having at least 80% amino acid 
sequence identity with native sequence Apo-2 polypeptide 
comprising amino acid residues 1 to 411 of SEQ ID N0:1. 

5 2. The Apo-2 polypeptide of claim 1 wherein said polypeptide has 
at least 90% amino acid sequence identity. 

3. The Apo-2 polypeptide of claim 2 wherein said polypeptide has 
at least 95% amino acid sequence identity. 

4. Isolated Apo-2 polypeptide comprising amino acid residues 1 to 
10 411 of SEQ ID NO:l. 

5. Isolated extracellular domain sequence of Apo-2 polypeptide 
u comprising amino acid residues 54 to 182 of SEQ ID N0:1. 

© 6. The extracellular domain sequence of claim 5 comprising amino 

acid residues 1 to 182 of SEQ ID NO:l. 
rU 15 7. Isolated death domain sequence of Apo-2 polypeptide comprising 

t. 1 

^ amino acid residues 324 to 391 of SEQ ID NO:l. 

8. A chimeric molecule comprising the Apo-2 polypeptide of claim 
1 or the extracellular domain sequence of claim 5 fused to a 
heterologous amino acid sequence. 
20 9. The chimeric molecule of claim 8 wherein said heterologous 
amino acid sequence is an epitope tag sequence. 
10. The chimeric molecule of claim 8 wherein said heterologous 
amino acid sequence is an immunoglobulin sequence. 

II. The chimeric molecule of claim 10 wherein said immunoglobulin 
25 sequence is an IgG. 

12. Isolated nucleic acid comprising a DNA encoding the 
polypeptide of claim 1, the extracellular domain sequence of 
claim 5 f or the death domain sequence of claim 7. 

13. The nucleic acid of claim 12 wherein said DNA encodes an Apo-2 
30 polypeptide comprising amino acid residues 1 to 411 of SEQ ID 

NO:l. 

14. A vector comprising the nucleic acid of claim 12. 

15. The vector of claim 14 operably linked to control sequences 
recognized by a host cell transformed with the vector. 

35 16. The vector of claim 14 comprising ATCC deposit accession 
number 209021. 

17. A host cell comprising the vector of claim 14. 

18. The host cell of claim 17 comprising a CHO cell. 

19. The host cell of claim 17 comprising E. coli. 
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The host cell of claim 17* comprising a yeast cell. 

A process of producing an Apo-2 polypeptide comprising 

culturing the host cell of claim 17 under conditions 

sufficient to express Apo-2 polypeptide and recovering the 

expressed Apo-2 polypeptide from the culture. 

An Apo-2 '"polypeptide which is obtained or obtainable by 

expressing the polypeptide encoded by the cDNA insert in ATCC 

deposit accession number 209021. 

A non-human, transgenic animal which contains cells that 

express DNA encoding Apo-2 polypeptide. 

The animal of claim 23 which is a mouse or rat. 

A non- human, knockout animal which contains cells having an 

altered gene encoding Apo-2 polypeptide. 

The animal of claim 25 which is a mouse or rat. 

An antibody which specifically binds to an Apo-2 polypeptide. 
The antibody of claim 27 which is a monoclonal antibody. 
The antibody of claim 27 comprising an agonistic antibody. 
The antibody of claim 27 comprising a blocking antibody. 
The antibody of claim 24 comprising a chimeric antibody. 

The antibody of claim 28 wherein said antibody is an IgG 
antibody. 

The antibody of claim 28 wherein said antibody comprises an 
Fab fragment. 

The antibody of claim 28 wherein said antibody comprises a 
scFv fragment. 

The antibody of claim 28 wherein said antibody comprises a 
F(ab' )2 fragment. 

The antibody of claim 27 wherein said antibody comprises a 
human antibody. 

The antibody of claim 28 having the biological characteristics 
of the monoclonal antibody produced by the hybridoma cell line 
deposited as ATCC accession number HB-12456. 

The antibody of claim 28 wherein the antibody binds to the 
same epitope as the epitope to which the monoclonal antibody 
produced by the hybridoma cell line deposited as ATCC 
accession number HB-12456 binds, 

A hybridoma cell line which produces the antibody of claim 
28. 

The hybridoma cell line deposited as ATCC accession number 
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HB-12456. 

The monoclonal antibody produced by the hybridoma cell line 
deposited as ATCC accession number HB-12456. 

The antibody of claim 27 wherein said antibody is a single- 
chain antibody. 

The antibody of claim 42 wherein said antibody comprises the 
16E2 antibody. 

The antibody of claim 42 wherein said antibody comprises the 
20E6 antibody. 

The antibody of claim 42 wherein said antibody comprises the 
24C4 antibody. 

The antibody of claim 42 wherein said antibody is fused to an 
epitope tag sequence. 

A chimeric molecule comprising the antibody of claim 27 fused 
to a heterologous amino acid sequence. 

The chimeric molecule of claim 47 wherein said heterologous 
amino acid sequence comprises an immunoglobulin sequence. 

A dimeric molecule comprising the Apo-2 antibody of claim 27 
and a heterologous antibody. 

A homodimeric molecule comprising a first Apo-2 antibody and 
a second Apo-2 antibody. 

Isolated nucleic acid comprising DNA encoding the Apo-2 
antibody of claim 43. 

Isolated nucleic acid comprising DNA encoding the antibody of 
claim 44. 

Isolated nucleic acid comprising DNA encoding the antibody of 
claim 45. 

A vector comprising the nucleic acid of claim 51, 52, or 53. 

A host cell comprising the vector of claim 54. 

A method of producing an Apo-2 antibody comprising culturing 
the host cell of claim 55 under conditions wherein the DNA is 
expressed. 

A composition comprising the antibody of claim 27 and a 
carrier. 

The composition of claim 57 wherein said carrier is a 
pharmaceutically-acceptable carrier . 

A method of inducing apoptosis in mammalian cancer cells 
comprising exposing mammalian cancer cells to an effective 
amount of the Apo-2 agonistic antibody of claim 29. 

-108- 



60. The method of claim 59 wherein said agonistic antibody 
comprises a single-chain antibody, 

61. A method of treating mammalian cancer cells comprising 
exposing mammalian cancer cells to an agent which activates 

Apo-2 . 

62. The method of claim 61 wherein said agent comprises an 
agonistic Apo-2 antibody. 

63. An article of manufacture comprising a container and a 
composition contained within said container, wherein the 
composition includes Apo-2 polypeptide or Apo-2 antibody. 

64. The article of manufacture of claim 63 further comprising 
instructions for using the Apo-2 polypeptide or Apo-2 antibody 
in vivo or ex vivo. 
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Abstract o f the Disclosure 
Novel polypeptides, designated Apo-2, which are capable 
of modulating apoptosis are provided. Compositions including Apo-2 
chimeras, nucleic acid encoding Apo-2, and antibodies to Apo-2 are 
also provided. 
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ATGACCATGA TTACGCCAAG CTTTGGAGCC TTTTTTTTGG AGATTTTCAA 50 
CGTGAAAAAA TTATTATTCG CAATTCCTTT AGTTGTTCCT TTCTATGCGG 100 
CCCAGCCGGC CATGGCCGAG GTGCAGCTGG TGCAGTCTGG GGGAGGTGTG 150 
GAACGGCCGG GGGGGTCCCT GAGACTCTCC TGTGCAGCCT CTGGATTCAC 200 
CTTTGATGAT TATGGCATGA GCTGGGTCCG CCAAGCTCCA GGGAAGGGGC 250 
TGGAGTGGGT CTCTGGTATT AATTGGAATG GTGGTAGCAC AGGATATGCA 300 
GACTCTGTGA AGGGCCGAGT CACCATCTCC AGAGACAACG CCAAGAACTC 350 
CCTGTATCTG CAAATGAACA GCCTGAGAGC CGAGGACACG GCCGTATATT 400 
ACTGTGCGAA AATCCTGGGT GCCGGACGGG GCTGGTACTT CGATCTCTGG 450 
GGGAAGGGGA CCACGGTCAC CGTCTCGAGT GGTGGAGGCG GTTCAGGCGG 500 
AGGTGGCAGC GGCGGTGGCG GATCGTCTGA GCTGACTCAG GACCCTGCTG 550 
TGTCTGTGGC CTTGGGACAG ACAGTCAGGA TCACATGCCA AGGAGACAGC 600 
CTCAGAAGCT ATTATGCAAG CTGGTACCAG CAGAAGCCAG GACAGGCCCC 650 
TGTACTTGTC ATCTATGGTA AAAACAACCG GCCCTCAGGG ATCCCAGACC 700 
GATTCTCTGG CTCCAGCTCA GGAAACACAG CTTCCTTGAC CATCACTGGG 750 
GCTCAGGCGG AAGATGAGGC TGACTATTAC TGTAACTCCC GGGACAGCAG 800 
TGGTAACCAT GTGGTATTCG GCGGAGGGAC CAAGCTGACC GTCCTAGGTG 850 
CGGCCGCACA TCATCATCAC CATCACGGGG CCGCAGAACA AAAACTCATC 900 
TCAGAAGAGG ATCTGAATGG GGCCGCATAG 930 




ATGACCATGA TTACGCCAAG CTTTGGAGCC TTTTTTTTGG AGATTTTCAA 50 
CGTGAAAAAA TTATTATTCG CAATTCCTTT AGTTGTTCCT TTCTATGCGG 100 
CCCAGCCGGC CATGGCCGGG GTGCAGCTGG TGGAGTCTGG GGGAGGCTTG 150 
GTCCAGCCTG GGGGGTCCCT GAGACTCTCC TGTGCAGCCT CTGGATTCAC 200 
CTTTAGTAGC TATTGGATGA GCTGGGTCCG CCAGGCTCCA GGGAAGGGGC 250 
TGGAGTGGGT GGCCAACATA AAGCAAGATG GAAGTGAGAA ATACTATGTG 300 
GACTCTGTGA AGGGCCGATT CACCATCTCC AGAGACAACG CCAAGAACTC 350 
ACTGTATCTG CAAATGAACA GCCTGAGAGC CGAGGACACG GCTGTGTATT -400 
ACTGTGCGAG AGATCTTTTA AAGGTCAAGG GCAGCTCGTC TGGGTGGTTC 450 
GACCCCTGGG GGAGAGGGAC CACGGTCACC GTCTCGAGTG GTGGAGGCGG 500 
TTCAGGCGGA GGTGGTAGCG GCGGTGGCGG ATCGTCTGAG CTGACTCAGG 550 
ACCCTGCTGT GTCTGTGGCC TTGGGACAGA CAGTCAGGAT CACATGCCAA 600 
GGAGACAGCC TCAGAAGCTA TTATGCAAGC TGGTACCAGC AGAAGCCAGG 650 
ACAGGCCCCT GTACTTGTCA TCTATGGTAA AAACAACCGG CCCTCAGGGA 700 
TCCCAGACCG ATTCTCTGGC TCCAGCTCAG GAAACACAGC TTCCTTGACC 750 
ATCACTGGGG CTCAGGCGGA AGATGAGGCT GACTATTACT GTAACTCCCG 800 
GGACAGCAGT GGTAACCATG TGGTATTCGG CGGAGGGACC AAGCTGACCG 850 
TCCTAGGTGC GGCCGCACAT CATCATCACC ATCACGGGGC CGCAGAACAA 900 
AAACTCATCT CAGAAGAGGA TCTGAATGGG GCCGCATAG 939 




ATGACCATGA TTACGCCAAG CTTTGGAGCC TTTTTTTTGG AGATTTTCAA 50 
CGTGAAAAAA TTATTATTCG CAATTCCTTT AGTTGTTCCT TTCTATGCGG 100 
CCCAGCCGGC CATGGCCCAG GTGCAGCTGG TGCAGTCTGG GGGAGGCGTG 150 
GTCCAGCCTG GGCGGTCCCT GAGACTCTCC TGTGCAGCTT CTGGGTTCAT 200 
TTTCAGTAGT TATGGGATGC ACTGGGTCCG CCAGGCTCCA GGCAAGGGGC 250 
TGGAGTGGGT GGCAGGTATT TTTTATGATG GAGGTAATAA ATACTATGCA 300 
GACTCCGTGA AGGGCCGATT CACCATCTCC AGAGACAATT CCAAGAACAC 350 
GCTGTATCTG CAAATGAACA GCCTGAGAGC TGAGGACACG GCTGTGTATT "400 
ACTGTGCGAG AGATAGGGGC TACTACTACA TGGACGTCTG GGGCAAAGGG 450 
ACCACGGTCA CCGTCTCCTC AGGTGGAGGC GGTTCAGGCG GAGGTGGCTC 500 
TGGCGGTGGC GGATCGCAGT CTGTGTTGAC GCAGCCGCCC TCAGTGTCTG 550 
GGGCCCCAGG ACAGAGGGTC ACCATCTCCT GCACTGGGAG AAGCTCCAAC 600 
ATCGGGGCAG GTCATGATGT ACACTGGTAC CAGCAACTTC CAGGAACAGC 650 
CCCCAAACTC CTCATCTATG ATGACAGCAA TCGGCCCTCA GGGGTCCCTG 700 
ACCGATTCTC TGGCTCCAGG TCTGGCACCT CAGCCTCCCT GGCCATCACT 750 
GGGCTCCAGG CTGAAGATGA GGCTGATTAT TACTGCCAGT CCTATGACAG 800 
CAGCCTGAGG GGTTCGGTAT TCGGCGGAGG GACCAAGGTC ACTGTCCTAG 850 
GTGCGGCCGC ACATCATCAT CACCATCACG GGGCCGCAGA ACAAAAACTC 900 
ATCTCAGAAG AGGATCTGAA TGGGGCCGCA TAG 933 




signal Hea W chain 

Apo-2.16E2.his 1 MMTTPSPGAFEIEIBWKKL^ 
JtoO-2.20E6.his 1 MIMITPSEGAEEIEIEIWKKIIiFM 
Apo-2.24C4.his 1 MIMTPSPGAFFU^ 

CDR1 CDR2 

Apo-2.16E2.his 51 ERK3GSLKLSQ\AS^^ 
Apo-2 ' 20E6 '.his 51 VQB33SI£LSCAASGFITC 
Apo-2 '. 24C4 '.his 51 VQFGRSLRLSCMSGFIFS^ 

CDR3 

Apo-2. 16E2. his 101 DSVKC^ISRIIMSL^^ 
Apo-2. 20E6. his 101 DSWO FTISRIira^ 
Apo-2.24C4.his 101 ^^mSRENSKNILYIO^ 

Light chain 

Apo-2 16E2 his 147 F-DIM3CGrTVTO 

Apo-2 20E6 his 150 F-BmMJnVNS9^9^^^S-SFLTWm^SmiW^ 
Apo-2. 24C4. his 143 !TOO<giWIVS9QQQG9QGQGSQGGGSQSV^ 

CDR1 CDR2 
Apo-2 16E2.his 195 ^ cr^ R---^mm (x^p^vr{^m^i^^^ 

Apo-2 20E6.his 198 TC nmqr R---SYYASWY(X)KPGQAPVLVIYmE£SGIPDRFSGSSSG 
Apo-2. 24C4. his 193 flT TraffMl^^ 

CDR3 

Apo-2 16E2 his 242 NTASLTITC^^Fi^^ 
Apo-2 . 20E6 .his 245 MTASLTITGAQAEDEADYYCNSR 
Apo-2. 24C4.his 243 TSASLMTGLQAEDEA^^ 

Apo-2. 16E2. his 292 H3AAEQKLISEEDLM3AA. 
Apo-2. 20E6. his 295 HGAAEQKLISEEDIMWv 
Apo-2. 24C4. his 293 H3AAEQKLISEEDLN3AA 



